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_ Company Profile 








The Embedded Control Solutions Company® ¢ Fully integrated manufacturing capabilities 

Since its inception, Microchip Technology has focused * A global network of manufacturing and customer 
its resources on delivering innovative semiconductor Support facilities 

products to the global embedded control marketplace. ¢ A unique corporate culture dedicated to 

To do this, we have focused our technology, engineer- continuous improvement 

ing, manufacturing and marketing resources on two ¢ Distributor network support worldwide including 
synergistic product lines: PICmicro™ 8-bit microcon- certified distribution FAEs 


trollers (MCUs) and high-endurance Serial EEPROMs. : 

Today, Microchip’s expanding product portfolio is aimed Business Scope 

at delivering a more comprehensive array of high-value Microchip Technology Inc. manufacturers and markets 

solutions to a growing base of customers. a variety of VLSI CMOS semiconductor components to 
Seeder support the market for cost-effective embedded control 

Highlights solutions. In particular, we specializes in highly inte- 


Inside Microchip Technology you will find: grated, field-programmable RISC MCUs, applica- 
¢ An experienced executive team focused on tion-specific standard products, secure data products, 
innovation and committed to listening to our application-specific integrated circuits and related 
customers Serial EEPROM memory products to meet growing 


market requirements for high performance, yet eco- 
nomical embedded control capability in products. 
Microchip's products feature the industry's most eco- 


A focus on providing high-performance, 
cost-effective embedded control solutions 


* A Complete Product Solution including: nomical One-Time-Programmable (OTP) EPROM, 
- 8-bit RISC OTP, EnhancedFLASH, EEPROM reprogrammable Flash and EEPROM, and ROM capa- 
and ROM MCUs) bility, along with the compact size, integrated function- 
- Patented KEELOa® code hopping technology ality, ease of development and technical support so 
products essential to timely and cost-effective product develop- 
- A full family of leadership Serial EEPROM ment by our customers. 
products plus Parallel EEPROMs and 
EPROMs 


- A variety of end-user Application-Specific 
Standard Products (ASSP) 


- A full line of easy-to-use development tools 





Chandler, Arizona: Company headquarters near Tempe, Arizona: Microchip’s 170,000-square-foot wafer 
Phoenix, Arizona; executive offices, R&D and wafer fabrication facility provides increased manufacturing 
fabrication occupy this 242,000-square-foot multi-building capacity today and for the future. 

facility. 
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Microchip Technology Inc. 





Market Focus 


Microchip targets select markets where our advanced 
designs, progressive process technology and indus- 
try-leading product performance enables us to deliver 
decidedly superior performance. Our company is posi- 
tioned to provide a complete product solution for 
embedded control applications found throughout the 
consumer, automotive, telecommunication, office auto- 
mation and industrial control markets. Microchip prod- 
ucts are also meeting the unique design requirements 
of targeted embedded applications including security, 
battery management and field-programmable gate 
array conversions. 


Certified Quality Systems 


Microchip received ISO 9001 Quality System certifica- 
tion for its worldwide headquarters and wafer fabrica- 
tion facilities in January 1997. Our field-programmable 
8-bit MCUs, Serial EEPROMs, related specialty mem- 
ory products and development systems conform to the 
stringent quality standards of the International Stan- 
dards Organization (ISO). 


DNV Certification, Inc. DNV MSC 
USA The Netherlands 
Accredited by the RvA 





Our assembly and test facility in Kaohsiung, Taiwan is 
ISO 9002 certified. In addition, Microchip’s manufactur- 
ing and engineering systems were audited to meet the 
Automotive Electronics Council A100 quidelines for 
overall quality, reliability and demonstrated conform- 
ance to the requirements of QS-9000. 


Fully Integrated Manufacturing 


Microchip delivers fast turnaround and consistent qual- 
ity through total control over all phases of production. 
Research and development, design, mask making, 
wafer fabrication, and the major part of assembly and 
quality assurance testing are conducted at facilities 
wholly-owned and operated by Microchip. Our inte- 
grated approach to manufacturing along with rigorous 
use of advanced Statistical Process Control (SPC) and 
a continuous improvement culture has resulted in high 
and consistent yields which have positioned Microchip 
as a quality leader in its global markets. Microchip’s 
unique approach to SPC provides customers with 
excellent pricing, quality, reliability and on-time delivery. 





Lee ee 


Bangkok, Thailand: Microchip’s 140,000-square-foot 
manufacturing facility houses the technology and 
assembly/test equipment for high speed testing and 
packaging. 


A Global Network of Plants and Facilities 


Microchip is a global competitor providing local 
services to the world’s technology centers. The 
company’s design and technology advancement 
facilities, and wafer fabrication sites are located in 
Chandler and Tempe, Arizona. 


The Tempe facility provides an additional 170,000 
square feet of manufacturing space that meets the 
increased production requirements of a growing 
customer base, and provides production capacity 
which more than doubles that of Chandler. 


Microchip facilities in Kaohsiung, Taiwan; Bangkok, 
Thailand; and Shanghai, China, serve as the founda- 
tion of Microchip’s extensive assembly and test capabil- 
ity located throughout the Far East. The use of multiple 
fabrication, assembly and test sites, with over 
600,000-square-feet of facilities worldwide, ensures 
Microchip’s ability to meet the increased production 
requirements of a fast growing customer base. 


Microchip supports its global customer base from direct 
sales and engineering offices in Asia, North America, 
Europe and Japan. Offices are staffed to meet the high 
quality expectations of our customers, and can be 
accessed for technical and business support. The 
Company also franchises more than 40 distributors and 
a network of technical manufacturer's representatives 
serving 24 countries worldwide. | 
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Embedded Control Overview 


Unlike “processor” applications such as_ personal 
computers and workstations, the computing or control- 
ling elements of embedded control applications are 
embedded inside the application. The consumer is only 
concerned with the very top-level user interface such as 
keypads, displays and high-level commands. Very 


rarely does an end-user know (or care to know) the 


embedded controller inside (unlike the conscientious 
PC users, who are intimately familiar not only with the 
processor type, but also its clock speed, DMA 
capabilities and so on). 


It is, however, most vital for designers of embedded 
control products to select the most suitable controller 
and companion devices. Embedded control products 
are found in all market segments: consumer, commer- 


cial, PC peripherals, telecommunications (including . 


personal telecom products), automotive and industrial. 
Most embedded control products must meet special 
requirements: cost effectiveness, low-power, 
small-footprint and a high level of system integration. 


Typically, most embedded control systems are 
designed around a MCU which integrates on-chip 
program memory, data memory (RAM) and various 
peripheral functions, such as timers and serial commu- 
nication. In addition, these systems usually require 
complementary Serial EEPROM, display drivers, 
keypads or small displays. 


Microchip has established itself as a leading supplier of 
field-programmable embedded control solutions. The 
combination of high-performance MCUs from the 
PIC12CXXX, PIC16C5X, PIC16CXXX and PIC17CXXX 
families, along with non-volatile memory products, 
provide the basis for this leadership. 


Microchip is committed to continuous innovation and 
improvement in design, manufacturing and technical 
support to provide the best possible embedded control 
solutions to you. 


PiCmicro MCU Overview and Roadmap 


Microchip PICmicro MCUs combine high-performance, 
low-cost, and small package size, offering the best 
price/performance ratio in the industry. More than 120 
million of these devices ship each year to cost-sensitive 
consumer products, computer peripherals, office 
automation, automotive control systems, security and 
telecommunication applications. 


Microchip offers four families of 8-bit MCUs to best fit 
your needs: PIC16C5X 12-bit program word, 
PIC16CXXX 14-bit program word, PIC17CXXX 16-bit 
program word and PIC12CXXX 8-pin 12-bit/14-bit 
program word MCU families. 


All families offer OTP, low-voltage and low-power 
options, with a variety of package options. Selected 
members are available in ROM or reprogrammable 
Flash versions. 


The widely-accepted PIC16C5X, PIC16CXXX and 
PIC17CXXX MCU families employ a modified RISC 


architecture. Today, these families are joined by the 
industry’s first and only 8-pin MCU family — the 
PIC12CXXX. The PIC12CXXX family combines the 
8-bit high-speed RISC architecture of the PlCmicro 
MCUs with the smallest footprint MCU. Microchip pio- 
neered the use of RISC architecture to obtain high 
speed and instruction efficiency. 


PIC12CXXxX: 8-Pin, 8-Bit Family 


The PIC12CXXX family packs Microchip’s powerful 
RISC-based PiCmicro architecture into 8-pin DIP and 
SOIC packages. These PIC12CXXX products are avail- 
able with either a 12-bit or 14-bit wide instruction set, a 
low operating voltage of 2.5V, small package footprints, 
interrupt handling and a deeper hardware stack. All of 
these features provide an intelligence level not previ- 
ously available in applications because of cost or size 
considerations. 


PIC16C5X: 12-Bit Architecture Family 


The PIC16C5xX is the well established base-line family 
which offers the most cost-effective solution. These 
PIC16C5X products have a 12-bit wide instruction set 
and are currently offered in 18-, 20- and 28-pin pack- 
ages. In the SOIC and SSOP packaging options, these 
are among the smallest footprint MCUs. Low-voltage 
Operation, down to 2.0V for OTPs, make this family 
ideal for battery operated applications. 


PIC16CXXX: 14-Bit Architecture Family 


The PIC16CXXX family offers a wide-range of options, 
from 18-pin to 68-pin packages as well as low to high 
levels of peripheral integration. This family has a 14-bit 
wide instruction set, interrupt handling capability and a 
deep, 8-level hardware stack. The PIC16CXXX family 
provides the performance and versatility to meet the 
more demanding requirements of todays cost-sensitive 
marketplace for mid-range 8-bit applications. 


The PIC14C000 Programmable Mixed-Signal Control- 
ler allows engineers to design intelligent controllers for 
smart batteries, battery chargers, battery status 
monitoring, uninterruptible power supplies, HVAC, and 
other data acquisition and processing required for 
managing energy. The PIC14CO00O0 can support any 
battery technology including Li lon, NiMH, NiCd, 
Pb acid, Zinc Air. In addition, the product's 1@C™ port 
enables any system OEM, battery pack VAR, and 
battery manufacturer to design, build, and market 
SBD-compliant products supporting the System 
Management Bus standard. 


PIC17CXXX: 16-Bit Architecture Family 


The PIC17CXXX family offers the world’s fastest 
execution performance of any 8-bit MCU family in the 
industry. The PIC17CXXX family extends the PlCmicro 
MCU’s high-performance RISC architecture with a 
16-bit instruction word, enhanced instruction set and 
powerful vectored interrupt handling capabilities. A 
powertul array of precise on-chip peripheral features 
provide the performance for the most demanding 8-bit 
applications. 
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The Mechatronics Revolution and the Worid’s To meet the needs of this. growing customer base, 
first 8-pin MCU | Microchip is rapidly expanding its already broad line of 
8-bit PICmicro MCUs. The most recent addition, the 
PIC12CXXX family, is a major breakthrough — it’s the 
world’s only 8-bit OTP MCU with just 8-pins. Their size 
opens up new possibilities for product design. 


We are living through a revolutionary period that is 
impacting almost every aspect of our lives. The nature 
of the revolution is the momentous shift from ana- 
log/electro-mechanical timing and control to digital | 
electronics. It is called the Mechatronics Revolution, PiCmicro MCU Naming Convention 
and it is being staged in companies throughout the . 
world, with design engineers right on the front lines: 


Make it smarter, make it smaller, make it do more, make 


; In order to identify the families, the following naming 
it cost less to manufacture — and make it snappy. , ; 
PPy conventions have been applied to the PiCmicro MCUs. 


The PiCmicro architecture offers users a wider range of 
cost/performance options than any 8-bit MCU family. 


TABLE 1: PICmicro MCU NAMING CONVENTION* 


Architectural Features | Name 





Technology 












































8-bit ¢ 16-bit wide instruction set PIC17C4X _ | OTP program memory, digital only 
High-Performance | Internal/external vectored i 
MCU Family internupts PIC17CR4X | ROM program memory, digital only 


¢ DC - 33 MHz clock speed 


¢ 120 ns instruction cycle 
(@ 33 MHz) 


¢ Hardware multiply 


PIC17C75X | OTP program memory with mixed-signal functions 


PIC17C76X | OTP program memory with mixed-signal functions 






8-bit 
Mid-Range 
MCU Family 





14-bit wide instruction set 

e Internal/external interrupts 

¢ DC - 20 MHz clock speed 
(Note1) 


* 200 ns instruction cycle 
(@ 20 MHz) 


PIC16CE62X | OTP program memory with comparators and 
EEPROM data memory 


PIC16C64X | OTP program memory with comparators 


PIC16C66X | OTP program memory with comparators 


PIC16C7X | OTP program memory with analog functions (i.e. A/D) 
PIC16F8x | Flash program and EEPROM data memory - 


PIC16CR8X | ROM program and EEPROM data memory 


PIC16C9XX | OTP program memory, LCD driver 


























8-bit 
Base-Line 
MCU Family 


12-bit wide instruction set 
e¢ DC -20 MHz clock speed ‘ 


¢ 200 ns instruction cycle 
(@ 20 MHz) 


PIC16C5X | OTP program memory, digital only 
PIC16C5XA 


PIC16CR5X | ROM program memory, digital only 
PIC16CR5XA | 
PIC12C5XX OTP program memory, digital only oo 
PIC12C67X | OTP program memory with analog functions 


PIC12CEXXX | OTP program memory with analog functions and 
EEPROM data memory 


Note 1: The maximum clock speed for some devices is less than 20 MHz. 












8-bit, 8-pin 
MCU Family 


12- or 14-bit wide 
instruction set 
¢ DC - 10 MHz clock speed 


¢ 400 ns instruction cycle 
(@ 10 MHz) 





Please check with your local Microchip distributor, sales representative or sales office for the latest product information. 








DS00027R-page 1-4 © 1998 Microchip Technology Inc. 


Microchip Technology Inc. 





Development Systems 


Microchip is committed to providing useful and innova- 
tive solutions to your embedded system designs. Our 
installed base of application development systems has 
grown to an impressive 120,000 systems worldwide. 
Significantly, more than half of the total system ship- 
ments over the past six years took place within the past 
24 months. 


Among support products offered are PICMASTER® 
Real-Time Universal In-circuit Emulator running under 
the Windows® environment. MPLAB™, a complete Inte- 
grated Development Environment (IDE), is provided with 
PICMASTER. MPLAB allows the user to edit, compile 
and emulate from a single user interface, making the 
developer productive very quickly. PICMASTER is 
designed to provide product development engineers with 
an optimized design tool for developing target applica- 
tions. This universal in-circuit emulator provides a 
complete MCU design toolset for all MCUs in the 
PIC12CXXX, PIC16C5X, PIC16CXXX and PIC17CXXX 
families. A CE compliant version of PICMASTER is 
available for European Union (EU) countries. 


ICEPIC is a low-cost in-circuit emulator solution for the 
Microchip PIC16C5X and PIC16CXXX MCU families. 
PRO MATE® Il, the full-featured, modular device 
programmer, enables you to quickly and easily program 


TABLE 2: PiCmicro SYNERGISTIC DEVELOPMENT TOOLS 


Development Tool 








Integrated Development . 
Environment (IDE) 


Universal Macro-Assembler 
C Compiler 
Full-Featured, Modular In-Circuit 


MPLAB™ 


MPASM 
MPLAB-C17 






Emulator PICMASTER® 
Low-Cost Modular In-Circuit 

Emulator ICEPIC 
Low-Cost Entry Level Hardware 

Simulator SIMICE 


Full- i 
ull-Featured, Modular Device PRO MATE® II 


Programmer 


Entry-Level Development Kit with 
Programmer 


Fuzzy Logic Development 
Software 


PICSTART® Plus 


fuzzyTECH®-MP 











user software into PICmicro MCUs. SIMICE is an entry 
level non-real-time emulator system for PIC12CXXX 
and PIC16C5X. PRO MATE II runs under MPLAB IDE 
and operates as a stand-alone unit or in conjunction 
with a PC-compatible host system. The PICSTART® 
Plus development kit, is a low-cost development sys- 
tems for the PIC12CXXX, PIC16C5X, PIC16CXXX and 
PIC17CXXX MCUs. PICDEM low-cost demonstration 
boards are simple boards which demonstrate the basic 
capabilities of the full range of Microchip’s MCUs. Users 
can program the sample MCUs provided with 
PICDEM boards, on a PRO MATE II or PICSTART 
programmer, and easily test firmware. KEELOQ Eval- 
uation and Programming Tools support Microchip’s 
HCS Secure Data Products. 


The Serial EEPROM Designer's Kit includes everything 
necessary to read, write, erase or program special 
features of any Microchip Serial EEPROM product 
including Smart Serials™ and secure serials. The Total 
Endurance™ Disk is included to aid in trade-off analysis 
and reliability calculations. The total kit can significantly 
reduce time-to-market and result in an optimized 
system. 


PIC17CXXX 
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Software Support 


MPLAB is a Windows-based development platform for 
Microchip’s PICmicro OTP MCUs. MPLAB IDE offers a 
project manager and program text editor, a user-config- 
urable toolbar containing four pre-defined sets and a 
status bar which communicates editing and debugging 
information. 


MPLAB is the common user interface for Microchip 
development systems tools including MPLAB Editor, 
MPASM Assembler, MPLAB-SIM Software Simulator, 
PICMASTER — In-Circuit Emulator, PRO MATE Il 
Programmer and PICSTART Plus Development 
Programmer. 


Microchip’s PiCmicro MCUs are also supported by 
fuzzy logic development software, an application code 
generator and a C-Compiler. MP-DriveWay is an 
easy-to-use Windows-based Application Code Genera- 
tor for visually configuring all the peripherals in a 
PlCmicro device and, with a click of the mouse, gener- 
ate all the initialization and many functional code 
modules in C language. 


Microchip endeavors at all times to provide the best 
service and responsiveness possible to its customers. 
The Microchip Internet Home Page can provide you 
with the latest technical information, production 
released software for development tools, application 
notes and promotional news on Microchip products and 
technology. The Microchip World Wide Web address is 
http:/www.microchip.com. 


Application-Specific Standard Products 
(ASSPs) 


Secure Data Products Overview 


Microchip’s patented KEELOQ code hopping technology 
is the perfect solution for remote keyless entry and 
logical/physical access control systems. The _ initial 
device in the family, HCS300 encoder, will replace 
current fixed code encoders in transmitter applications 
and provide a low cost, integrated solution. The 
KEELOQ family is rapidly expanding with the HCS301 
(high voltage encoder), HCS200 (low-end, low-cost 
encoder), and high-end encoders (HCS360 and 
HCS361) that meet OEM specifications and require- 
ments. : 


Microchip provides flexible decoder solutions by provid- 
ing optimized routines for Microchip’s PICmicro MCUs. 
This allows the designer to combine the decoder and 
system functionality in a MCU. The decoder routines 
are available under a license agreement. The HCS500, 
HCS512 and HCS515 are the first decoder devices in 
the KEELOQ family. These devices are single chip 
decoder solutions and simplify designs by handling 
learning and decoding of transmitters. 


The KEELOQ product family is expanding to include 
enhanced encoders and decoders. Typical applications 
include automotive RKE, alarm and immobilizer 
systems, garage door openers and home security 


KEELOQ 


my, Rock Solid Security 
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Serial EEPROM Overview 


Microchip offers one of the broadest selections of 
CMOS Serial EEPROMs on the market for embedded 
control systems. Serial EEPROMs are available in a 
variety of densities, operating voltages, bus interface 
protocols, operating temperature ranges and space 
saving packages. 


Densities: 


Currently range from 128 bits to 64K bits with higher 
density devices in development. 


Bus Interface Protocols: 


All major protocols are covered: I?C, Microwire® and 
SPI. 


Operating Voltages: 


In addition to standard 5V devices there are two low 
voltage families. The “LC” devices operate down to 
2.5V, while the breakthrough “AA” family operates, in 
both read and write mode, down to 1.8V, making these 
devices highly suitable for alkaline and NiCd battery 
powered applications. 


Temperature Ranges: 


Like all Microchip devices, Serial EEPROMs are offered 
in Commercial (0°C to +70°C), Industrial (-40°C to 
+85°C) and Extended (-40°C to +125°C) operating 
temperature ranges. 


Packages: 


Small footprint packages include: industry standard 
5-lead SOT-23, 8-lead DIP, 8-lead SOIC in JEDEC and 
EIAJ body widths, and 14-lead SOIC. The SOIC comes 
in two body widths; 150 mil and 207 mil. 


Technology Leadership: 


Microchip’s Serial EEPROMs are backed by a 10 million 
Erase/Write cycle guarantee. Microchip's erase/write 
cycle endurance is among the best in the world, and only 
Microchip offers such unique and powerful development 
tools as the Total Endurance disk. This mathematical 
software model is an innovative tool used by system 
designers to optimize Serial EEPROM performance and 
reliability within the application. 


We have also developed the world’s first 64K Smart 
Serial EEPROM. Device densities range from 128 bits 
up to 64K bits. Another first is the 24LC21, a single chip 
DDC1/DDC2™-compatible solution for plug-and-play 
video monitors. In addition, Microchip released a 
high-speed 1 MHz 2-wire Serial EEPROM device ideal 
for high-performance embedded systems. 


Microchip is a _ high-volume supplier of Serial 
EEPROMS to all the major markets worldwide including 
consumer, automotive, industrial, computer and 
communications. To date, more than 700 million units 
have been produced. Microchip continues to’ develop 
new Serial EEPROM solutions for embedded control 
applications. 


Parallel EEPROM Overview 


CMOS Parallel EEPROM devices from Microchip are 
available in 4K, 16K and 64K densities. The manufactur- 
ing process used for these EEPROMs ensures 10,000 to 
100,000 erase/writecycles typical. Data retention is more 
than 10 years. Fast write times are less than 200 us. 
These EEPROMs work reliably under demanding condi- 
tions and operate efficiently at temperatures from -40°C 
to +85°C. Microchip’s expertise in advanced SOIC, 
TSOP and VSOP surface mount packaging supports our 
customers’ needs in space-sensitive applications. 


Typical applications include computer peripherals, 
engine control, telecommunications and pattern recogni- 
tion. 


OTP EPROM Overview 


Microchip’s CMOS EPROM devices are produced in 
densities from 64K to 512K. Typical applications include 
computer peripherals, instrumentation, and automotive 
devices. Microchip’s expertise in surface mount 
Packaging on SOIC, TSOP and VSOP packages led to 
the development of the Surface Mount OTP EPROM 
market where Microchip is a leading supplier today. 
Microchip is also a leading supplier of low-voltage 
EPROMs for battery powered applications. 
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FLEXIBLE PROGRAMMING OPTIONS 


As the world’s leading supplier of field-programmable 
MCUs, Microchip has made many innovative program- 
ming options available for the embedded systems man- 
ufacturer. These programming options give the 
broadest range of flexibility to meet the unique require- 
ments of your specific design — at all stages of product 
development, prototyping and production. | 


The Advantage of Field Programmability 

The PlCmicro MCU family provides a unique combina- 
tion of a high-performance RISC processor with 
cost-effective OTP technology. Cost-effective OTP 
provides many benefits to the user at prices which can 
be comparable to competing ROM solutions. The 
benefits include: 

1. Quick time-to-market. 

2. Ease of code changes. 

3. Ability to provide adaptable solutions to end- 
customer requirements. 

Ability to meet upside potential via inventory 
positions at Microchip or worldwide distribution. 

5. Reduced scrappage in manufacturing. 

6. Reduced inventory in manufacturing. 

7. Reduced work-in-process liability. 


> 


For most manufacturers, getting the product to market 
quickly has become the number one goal as global 
markets have become more competitive. Time-to-mar- 
ket puts pressure on all functions within the manufac- 
turing process: development, purchasing, production, 
marketing and _ sales. Field-programmable OTP 
technology streamlines the process for all stages in the 
product life cycle. For example, in the early product 
development stages, a programmable MCU allows 
much of the functionality to be implemented in software 
which can be modified more easily than hardware-only 
soiutions. 


In the manufacturing stage, the compression of the 
product life cycle curve puts pressure on the manage- 
ment of inventory and manufacturing cycle times. 
Minimizing inventory reduces the ability to meet upside 
demand. Using a traditional ROM-based MCU limits 
the ability to respond to the market with product 
enhancements or semi-customized products for 
specific customers. Using the standard OTP-based 
PiCmicro MCU solves all these issues. Inventory can 
be managed effectively by using the same devices for 
several different systems. Costs can be reduced due to 
volume purchasing. Upsides can be met from either 
safety stock, directly from Microchip, or local distribu- 
tors who regularly inventory all PiCmicro MCU devices. 
A sudden decline in demand means no work-in-pro- 
cess ROM-based inventory and any excess safety 
stock can be consumed by the other products using the 
same standard devices. 


OTP is the ‘Flexible Manufacturing’ technology of the 
MCU world. As competition intensifies, the demand for 
customer-specific products increases. Having the 
ability to change (for example, the appearance of LCD 
displays or add extra features in a timely mariner) can 
be a key competitive advantage. Programming the OTP 
device on the manufacturing floor allows easy custom- 
izing and internal tracking of the devices for each 
specific customer. Customization can_ significantly 
increase the overall product life cycle to provide better 
return on investment and help minimize the threat of 
competition. 


Ease of Production Utilizing Quick Turn 


Programming (QTP) and Serialized Quick Turn 
Programming (SQTP *“) 


Recognizing the needs of high-volume manufacturing 
operations, Microchip has developed two programming 
methodologies which make the OTP products as easy 
to use in manufacturing as they are efficient in the 
system development stage. 


Quick Turn Programming allows factory programming 
of OTP products prior to delivery to the system manu- 
facturing operation. PICmicro MCU, EPROM and Serial 
EEPROM products can be automatically programmed, 
with the users program, during the final stages of the 
test operation at Microchip’s assembly and test opera- 
tions in the Philippine Islands, Taiwan and Thailand. 
This low-cost programming step allows the elimination 
of programming during system manufacturing and 
essentially allows the. user to treat the PiCmicro and 
memory products as custom ROM products. With one- 
to four-week lead times on QTP products, the user no 
longer needs to plan for the extended ROM masking 
lead times and masking charges associated with 
custom ROM products. This capability, combined with 
the off-the-shelf availability of standard OTP product, 
ensures the user of product availability and the ability to 
reduce his time-to-market once product development 
has been completed. : 7 


Unique in the 8-bit MCU market is Microchip’s ability to 
enhance the QTP capability with Serialized Quick Turn 
Programming (SQTP). SQTP allows for the program- 
ming of devices with unique, random or serialized 
identification codes. As each PliCmicro device is 
programmed with the customers program code, a 
portion of the program memory space can’ be 
programmed with a unique ID, accessible from normal 
program memory, which will allow the user to provide 
each device with a unique identification. This capability 
is ideal for embedded systems applications where the 
transmission of key codes or identification of the device 
as a node within a network is essential. Taking advan- 
tage of this capability allows the system designer to 
eliminate the requirement for expensive off-chip code 
implementation using DIP switches or non-volatile 
memory components. The SQTP offering, pioneered by 
Microchip, provides the embedded systems designer 
with a low cost means of putting a unique and custom 
device into every system or node. 
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In-Circuit Serial Programming (ICSP™ 


Microchip supports several methods of ICSP on its 
PiCmicro MCUs. ICSP allows you to better respond to 
changing market conditions by leaving the MCU pro- 
gram memory blank until just prior to system shipment. 
The devices can then be programmed in-circuit during 
or after final assembly. Additionally, Microchip’s 
Enhanced FLASH MCUs -— with high-endurance pro- 
gram memory — allow in-circuit erase and reprogram- 
ming to maximize software update flexibility. 


Electrically Reprogrammable 

Microchip offers Enhanced FLASH MCUs which allow 
unlimited erase and reprogramming of the MCU pro- 
gram memory. This feature can be very useful for more 
complex systems with longer product lives. 


Masked ROM 


Microchip offers Masked ROM versions of many of its 
most popular MCUs, giving customers the lowest cost 
option for high volume products with stable firmware. 


Future Products and Technology 


Microchip is constantly developing advanced process 
technology modules and new products that utilize our 
advanced manufacturing capabilities. Current produc- 
tion technology utilizes lithography dimensions down to 
0.7 micron. 


Microchip’s research and development activities 
include exploring new process technologies and 
products that have industry leadership potential. 
Particular emphasis is placed on products that can be 
put to work in high-performance broad-based markets. 


Equipment is continually updated to bring the most 
sophisticated process, CAD and testing tools online. 
Cycle times for new technology development are 
continuously reduced by using in-house mask genera- 
tion, a high-speed pilot line within the manufacturing 
facility and continuously improving methodologies. 


Objective specifications for new products are devel- 
oped by listening to our customers and by close 
co-operation with our many _ customer-partners 
worldwide. 





© 1998 Microchip Technology Inc. 


DS00027R-page 1-9 


=] 
= 

ct oa 
Oo 
a. 
c 
2] 
m- . 
Ke) 
a) 





Ol-1 e6ed-y/zoo0sa 


"ou ABojouyoe, diyoOIDIN S661 © 
















PiCmicro™ 8-BIT MICROCONTROLLER FAMILY | | | 
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Eo 









as 
pescsz | 576 | saauz| — | 25 | 4 [22] — | — | 
jpcascsa | ros | sizaz| — | 5 | [2{-|- |-| — | —_ 7 
pcseceaa | res | sipaz| — | 25 | [a{—-|- {-| — | —_ Oma source and 25mA sink peri/0.20V |__| 48, 181W, 1850, 2058 | 
sina2 | — | 2 | 20 |2]—-| —|—| — | — |swor 
sima2 | — | 2 | 2 | 0 }—-| — |—] — | — [sor Oma source nd 25m sik peri/O.26V___| __ — _ ] 28, 280w, 285, 2890, 2855 | 
ipcaecs6 [1536 | aozea2| — | 25 | 0 [a2{—| — |—| — | — | aewor [2omA sours and 25m sk per'/0.25V | — | 48, 181W, 1850, 2085 | 
picacs6a | 1536 [ao2ea2} — [25 | 2 | 2[— | — |—| — | — | swor 
3072 | 20aaaz | — 72 | 2 | 20 p—| — |—] — | — | sor i 3 
| =| my [zoea2] — | 2 | 2 | 2 | - | | = |_| er] 
yoaeaa| — |v po pm>—-]|—|—-] — | — | wor 
3072 | 20082 | — | 73 | 2 |} — | — |—| —_| —_[ aor 






4-12 interrupts, 200ns Instruction Execution, 35 Instructions. Upwardly Compatible with PIC16C5X 


PIC14C000 } 7168 4096x14 ses 


SLAC | SM 


PIC1GC556A* | 1792 


2 
i?) 
p= 
co2) 
ie) 
x 
< 
=< 
| 





20mA source and 25mA sink per 1/0, 2.5V | = | 28P, 28JW, 28SP, 2850, 28SS 


B 


| — | 20mA source and 25mA sink per 1/0 PICLGCR58B | 18P, 18JW, 18SO, 20SS 


25mA source/sink, temperature sensor, bandgap voltage 
Yes reference, intemal oscillator, 2 Capitolto-Anelos sel po | 28SP, 28S0, 28SS, 28JW 


25mA source/sink per 1/0, 2.5V 18P, 18S0, 20SS, 18JW 


i 


a 2 
[Yes [25m soure/sinnervo_————SSS*dtCC =i 3850, 2058, ss | 
[Yes [25m soure/sink por/O——SSSSC*’CSC_—*S,9880, 2085, Tz 
[Yes [25m souve/sink per /025N__ SC 
i cee) 
a 
i 
es 


be i 
N 
EGEE : 


aS 
2 


3S 


000000 
g 

ele 

EE 


25mA source/sink per 1/0, Capture/Compare/PWM PIC1GCR62 | 28SP, 28SO, 28SS, 28JW 


3+WDT 25mA source/sink per 1/0, Capture/Compare/PWM PIC1I6CR63 | 28SP, 28SO, 28JW 
25mA source/sink per |/O, Parallel Slave Port, 
WDT Capture /Compare. PIC16CR64 | 40P, 40JW, 44L, 44PQ, 44PT 


ee ce PICIBCRES | 40P, 40JW, 44L, 44PQ, 44PT 


$ 
g 


poiscsse | ase | zoaae | 
mCaBSSBA z0484 128 Wot 
ioanae| — | 36 
mcieca2a | s5e4 | 20sec [ar 

192 USART/ 


PIC16C 


gs 
$8 
g 


Ww 
g 


Pl RETR] R | w = b 
4 
g 
» 


2 
5 


re 
+ 


mciscer | 14396 ed sewor | Yes [Pere Savesow er YO-Copte/compare/PaM, | [aor 40s, 4a, 40, 24-7 
PICTBOGDD P— [| T=WOT | ves | 25mA sourve/sink per/0, pogermabie Wer, 25V__| __— | 18°, 4850, 206518 __| 
as [Fewor [Yes | 25nA source/sink er'/0, pogrammsbie Var | __— | 48°, 4880, 2085, 18 | 
| ves T=wOT | Yes | 25mA source/sink per/0, programmable We 25V___| _— | 18, 1880, 2088, 1a” | 

wor | Yes nk per V0, 


| Yes | 25mA source/sink per I/O, programmable Vrer Pa. See 


~< 
oO 
n 






PIC16C621A* 1024x14 


*Contact Microchip Technology for availability date. 
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PiCmicro 8-BIT MICROCONTROLLER FAMILY 


Se oh el - 
Pears Data | RAM | Speed | 1/0 | ADC | Sorat Out | Compara- 
Bytes — Memory | Bytes Hz | Ports | &Bits 1/0 Detection tors ICSP 


PICA1GCXXX — 4-12 Interrupts, 200ns Instruction Execution, 35 Instructions, Upwardly Compatible with PIC16C5X (Continued) : 


frciecez2 | sse4 [aoa] — | 128 | 20 | 13 | — | — | — | Yes | 2 | tswor] Yes |25mAscure/sinkper\/0, programmable Var, 2.5V | 18P, 1850, 2055, 18 





ka: 


im 





froiecszane | 3584 [aoaaaa] — | 128 | 20 | 13 | — | — | — | ves | 2 | 1ewoT| Yes |25mAsource/sinkperi/0, pogranmabievier | ~_— | 18P, 1850, 2088, 18 
PIC16GCE623* | 896 | — | Yes | 1+WDT | Yes | 25mA source/sink per 1/0, programmable Vrer | — ___|18P, 1880, 20SS, 185W 





rs 
4 


r 
5 
“4 


i762 [rozensa | 12 


PIC16CE625* 2048x1 


= 


PIC16C710 
PIC16C711 
2048x14 

3 


> 
PIC16C74A 4096x14_ 
14336 | 8192x14 
14336 | 8192x114 
896 512x14 
| (Flash) (Flash) 
1792 1024x14 
(Flash) (Flash) 
wont] — [ove [of ee | = [roms [= |= [over 
Ee de 


PIC17CXXX — 120ns Instruction Execution Including Multiply, 58 Instructions, Upwardly Compatible with PICL6CXX/PIC16CSX . ae = aS 
20mA source and 35mA sink per 1/0, 2 1/0 with 6OmA 
PCLTOADA zowoas| — | 222 | 20 | 20 | — [usm] 2 | — | — |swor| — [2n0\ Ginteeetomay xmraéne tye tx manny | PCITOR2 | 40P, 40m, 4444p ar 
20mA source and 35mA sink per 1/0, 2 1/0 with 6OmA 
rene | oe fowmse] — fm] = [=| — [osm] = | — | — [over] —SRNeRR SBI TORE [prone [sn na 


| — | 454] aa | a3 | — | eae sink, 2 Capture, extematly expandable, 1 cycle 8x8 multiply 
12 USART 
20mA source and 35mA sink per !/0, 2 1/0 with 60mA 
12 USART 
PICL7C756 32768 | 16384x16 33 (10 (2), 3 Yes 4+WDT 
Bits) } I?C/ 
16 USART 
PIC17C762* 16384 | 8192x16 678 33 fe Qe, 3 Yes 4+WDT Yes S4CL, 84L, 80PT 
its) | PC/ 
16 USART 


10 2) 
Bits) pe be 
*Contact Microchip Technology for availability date. 
PWM = Pulse Width Modulator WDT = Watch Timer 


Abbreviation: 
ADC = Analog-to-Digital Converter DAC = Digitatto-Analog Converter 
SPi= Serial Peripheral Interface SLAC = Slope A/D Converter, up to 16 bits 
USART = Universal Synchronous /Asynchronous SMB = System Management Bus 


Yes 


res 18P, 1850, 2055, 181 
ma soure/sink per/O, programmable ir] =| 18P, 1850, 2056, 18 
ma source /sink per/O, programmable Ver] _— | 285, 2880, 2810 
mA souce/sink per/O, programmable ver |__| 285, 2880, 2810 


25mA source/sink per 1/0, programmable Veer, 

Parallel Slave Port 40P, 40JW, 441, 44PQ, 44PT 
25mA source/sink per I/O, programmable Vrer, 

Parallel Slave Port 


= 


25m source/sink per 1/0, Capture/Compare/PWM, LCD 
module, static, 1/2, 1/3, 1/4 multiplex 64SP, 68L, 64PT 


25mA source/sink per I/O, Capture/Compare/PWM, LCD po | GASP. GRC. 68L. 64PT. 


module, static, 1/2, 1/3, 1/4 multiplex 


res 
tO 
fo] 


PIR 
TES 
EE 
E 
(77) 


Yes 
Yes 
Yes 

es 


= 
N 
oo 


Yes Y 


i 
na 


ay 
~ 
o 


40P, 40JW, 44L, 44PQ, 44PT 


18P, 18S0, 20SS, 18JW 

18P, 18S0, 18JW 

18P, 18S0, 20SS, 18JW 

18P, 18S0, 20SS, 18JW 
28SP, 28S0, 28JW, 28SS_- 


ele] zlele 
8] 8) § /8/s 


wowlrp]rPirple wiw 
ol oln 
N 
E 
3 
~ 
a 
3 
G 
E 
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w 
5 
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ry 
” 
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BpViyziVzyViVivVsVBlV.iVzl2y 

B22 )8 218 /eeieie 

SPpelel eal B | B (LL ars 

a Ce So Sd iced a 
* * iy) ee 

| 

w 

i 
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i) 
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(=) 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes** | 
Yes 
Yes 


bar oo 

BQ 

Ps 

wn 

Ww w 
+ + 
Ho 





3c 
LF 
$3 
g 
w 
+ 
i 


















2 Zi Zz a) 
oO io) oO fo) 
ala] & & 
71313 3 
~ NI md ~ 
® “N o 








Yes 
Vee 
Yes 
Yes 






PIC16C923 Yes 






7] 00 


y 
a 
E} 
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PIC16C924 




































645SP, 68CL, 68L, 64PT 


G4SP, 68CL, 68L, 64PT 
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20mA source and 35mA sink per 1/0, 2 1/0 with 6OmA 
sink, 4 Capture, externally expandable, 1 cycle 8x8 multiply 





















20mA source and 35m sink per 1/0, 2 1/0 with GOmA 
sink, 4 Capture, extemally expandable, 1 cycle 8x8 multiply 























20mA source and 35mA sink per |/0, 2 1/0 with GOmA 
sink, 4 Capture, externally expandable, 1 cycle 8x8 multiply 










_  CAP= Capture —E? = EEPROM (Re mmabdie) 
-- . CCP = Capture/Compare/PWM PC = Inter-integrated Circuit Bus. 












Receiver /Transmitter’ 
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SECURE DATA PRODUCTS 


Transmission Code TE Key OB ene 
Length Bits Code Hopping Bits Seed Length Operating Voltage Other Features pactnees 


KeeLog * Encoder Devices 


2.0V to 6.3V LED Drive, Overflow bits, Time-out, Battery Low Indicator 
_3.5V to 13.0V Same as HCS300 


IR Mode, PWM and Manchester Coding, 2 independent 
ea 2.0V to 6.60 ar are ie 
= ae 2.0V to 6.6V = IR Mode, PWM and VPWM Coding, 2 independent counters, 


2-Bit C 


2.0V to 6.6V eau transponder, superset of HCS360 
pee tt eee Eee 
vv, 
Reception Length Bits Encoders Supported Support Operating Voltage Other Features Packages 


KeeLog Decoder Devices 


ucssoo | oT HCS200, HoS300, jroo HCS360, 4. 5V to 5.5V 15 Serial Functions {Full featured decoder with serial interface to AE OCONONS - 8P, 8SO 

HCS512 ene Mee ceaee HeSaIGe 3.ovto6.ov | 15 in S2, $3); | single-chip decoder with secure learning 18P, 1850 
HCS200, HCS300, HCS301, HCS360, Full-featured decoder with serial and parallel interface. 

HCS515* a ae HCS361, HCS410 4.5V to 5.5V 3 si, 0) Parallel On-chip 1K transmitter and 1K user EEPROM. 

a 

ae sen wre] Pago [op a 


LCi moxey Smart Card Devices 





*Contact Microchip Technology for availabilty date. 









SERIAL ELECTRICALLY ERASABLE PROMs (EEPROM) 


oe See Dena (Organon 


3-WIRE SERIAL EEPROM FAMILY 






















All devices listed i in this group are recommended for extended temperature applications 


1K bits (x16 
vey only. All other applications should use 93LCx6A/B devices. 


2K bits (x8 
2K bits (x16) 
4K bits (x8) 
4K bits (x16) 
8K bits (x8 or x16 
16K bits (x8 or x16) 


2K bits (x8 or x16) 
4K bits (x8 or x16) 
8K bits (x8 or x16 

16K bits (x8 or x16) 


1K bits (x8) 
2K bits (x8) 
4K bits (x8 
1K bits (x16) 
2K bits (x16) 
4K bits (x16) 



























Not recommended for new designs. 
Not recommended for new designs. 




















oo0000 MOOI 
SILVLVS2 | SVLVI| SVVsseys 













<</[/<<<<<</<<<<j <<<<c<c<<c 


SSSSS|SSSSES | SSS | Sssssss 


DAAAA| DHDHHDHA | OHHH | MaMa 












PPRPPIRNNNNN | PNNN | PRRRPER 





1K bits (x8 or x16) 5V 
2K bits (x8 or x16) 5V 
4K bits (x8 or x16) . 5V 
8K bits (x8 or x16 -5V 
16K bits (x8 or x16) .5V 










Ny 
o 
So 


93LCS56 1M 2K (x16) 10 ms V to 6.0V The “S” indicates software write protection of user defined memory space. , SN, SM, SL 
93LCS66 1M 4K (x16) | 10 ms 2.5V to 6.0V P, SN, SM, SL 


Special Features: Automatic ERAL before WRAL, self-timed erase and write cycle, power on/off data protection circuitry, sequential read function and industry standard 3-wire serial |/O 
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ee ee _ SERIAL ELECTRICALLY ERASABLE PROMs (EEPROM) ee ee 
Product | E/W Cycles | Density (Organization) | Write Speed | Max Clock Free | Operating Vottage [Unique Festures | Packages 


2-WIRE ?C SERIAL EEPROM FAMILY** nA ; wg 








































































24C00 4M 128 bits (x8) 4ms 400 kHz 4.5V to 5.5V 5-pin SOT-23 package. | P, SN, ST, OT 
24LCOO 1M 128 bits (x8) 4ms 400 kHz 2.5V to 6.0V P, SN, ST, OT 
24AA00 1M 128 bits (x8) 4ms 400 kHz 1.8V to 6.0V P, SN, ST, OT 
24C01C 1M 1K bits (x8) 1 ms 400 kHz 4.5V to 5.5V The 24C01C, 24C02C and 24CO4A are for applications which require fast byte write and/or Ss ; 
24C02C 1M 2K bits (x8) 1 ms 400 kHz 4.5V to 5.5V extended temperature. I?C compatible. 3 address pins. SN, ST 
24C04A 41M 4K bits (x8) 1 ms 100 kHz 4.5V to 5.5V Ss 
24C08B 1M 8K bits (x8 10 ms 100 kHz 4.5V to 5.5V The 24CO8B and 24C16B versions are for 5.0V only applications which require extended S 
24C16B 1M 16K bits (x8) 10 ms 100 kHz 4.5V to 5.5V temperature (-40°C to +125°C). |?C compatible. Ss 
1M 1K bits (x8) 2.5V to 5.5V Hardware write protect. Schmitt trigger inputs. 400kHz operation is @ 5.0V + 10% and Ss 
4M 2K bits (x8) 2.5V to 5.5V commercial grade. S$ 
1M 4K bits (x8) 2.5V to 5.5V $s 
1M 8K bits (x8) 2.5V to 5.5V S$ 
1M 16K bits (x8) 2.5V to 5.5V S 
1M 1K bits (x8) 1.8V to 5.5V Hardware write protect. Schmitt trigger inputs. 400kHz operation is @ 5.0V + 10% and ss) 
1M 2K bits (x8) 1.8V to 5.5V commercial temperature range (-40°C to 85°C). S$ 
1M 4K bits (x8) 1.8V to 5.5V S 
8K bits (x8 1.8V to 5.5V S$ 
1M 16K bits (x8) 1.8V to 5.5V Ss 
24C32A 1M 32K bits (x8) 400 kHz 4.5V to 5.5V JEDEC SOIC “SN” (150 mil wide) package and cascadable. 
24LC32A 1M 32K bits (x8) 400 kHz 2.5V to 6.0V 
24AA32A 1M 32K bits (x8) 100 kHz 1.8V to 6.0V ; 
10M/1M 32K bits (x8) 4.5V to 5.5V Incorporates a 4K high endurance block (not relocatable) to ensure 10,000,000 
10M/1M 32K bits (x8) 2.5V to 6.0V Erase/Write cycles, a 1 page by 8 line input cache (64 bytes) for fast write loads and is 
10M/1M 32K bits (x8) 1.8V to 6.0V cascadable up to 8 parts. ; 
10M/1M ; 32K bits (x8) 4.5V 4 MHz Maximum Clock Rate. 
24LC64 1M 64K bits (x8) 5 ms 400 kHz 2.5V to 5.5V 32 byte page. 
24AA64 1M 64K bits (x8) 10 ms 100 kHz 1.8V to 5.5V Ss 
10M/1M 64K bits (x8) 4.5 to 5.5V Relocatable 4K bit block of ultra high endurance memory to ensure 10,000,000 E/W cycles, | P, S 
10M/1M 64K bits (x8) 2.5 to 6.0V 1 page by 8 line input cache (64 bytes) for fast write loads, cascadable up to 512K bits, $ 
10M/1M 64K bits (x8) 1.8 to 6.0V Erase /Write protection in 4K blocks. S 
10M/1M 64K bits (x8) 4. 5.5V 1 MHz Maximum Clock Rate. / S 
2 S$ 


5V to 
24.0128 1M 128K bits (x8) 5.ms 400 kHz - -5V to 5.5V 64 byte page. _ P,SN,SM > 
24AA128 1M 128K bits (x8) 10 ms 100 kHz 1.8V to 5.5V : P,SN,SM - 
24LC256 . 100K 256K bits (x8) 5 ms 400 kHz 2.5V to 5.5V 64 byte page. _ 
24AA256 — 100K 256K bits (x8) 10 ms 100 kHz 1.8V to 5.5V : 
24LC164 10M 16K bits (x8) 10 ms 400 kHz 2.5V to 5.5V Cascadable 16K-bit Serial EEPROM. 
24AA164 10M 16K bits (x8) 10 ms 400 kHz 1.8V to 5.5V 
24LC174 10M 16K bits (x8) 10 ms 400 kHz 2.5V to 5.5V Cascadable 16KDit Serial EEPROM. 
24AA174 10M 16K bits (x8) 10 ms 400 kHz 1.8V to 5.5V Specially addressed onetime-programmable (OTP) 16 byte security block. 
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5 

8 
1K bits (x8) 2.5V to 5.5V Smart card specific memory devices. All devices meet ISO7816 pinout requirements. 
2K bits (x8) 2.5V to 5.5V 
32K bits (x8) 2.5V to 5.5V 


64K bits (x8 2.5V to 5.5V 

128K bits (x8) 2.5V to 5.5V 

256K bits (x8) 2.5V to 5.5V 

**The B version on the 2-wire (1?C) devices designates: no functional address (AO, A1, A2) pins, 400 kHz operation, Schmitt trigger inputs for greater noise protection, longer byte write cycle time and larger input buffer. 
Special Features: Selif-timed write cycle and page write mode. 





IDENTIFICATION PRODUCTS (Application-Specific Products for Monitors and Memory Modules) 


24LC21_—C 1M 1K bits (x8) 10 ms 400 kHz 2.5V to 5.5V Completely implements DDC1™/DDC2” interface for monitor identification. 

24LCS21 1M 1K bits (x8) 10 ms 400 kHz 2.5V to 5.5V Improved noise filter. Software enabled Hardware Write Protection pin. 

24LC21A iM 1K bits (x8) 10 ms 400 kHz 2.5V to 5.5V Same as 24LC21 with return to DDC1 feature. 

24LCS21A 1M 1K bits (x8) 10 ms 400 kHz 2.5V to 5.5V Same as 24LCS21 with retum to DDC1 feature. 

24LC41A 1M 1K and 4K bits (x8) 10 ms 2.5V to 5.5V Dual Mode, Dual-Port device. Completely implements DDC1/DDC2 interface for monitor 
identification (DDC port). Also includes 4K bit MCU port. 

24LC024 10M 2K bits (x8) 10 ms 400 kHz 2.5V to 5.5V 

24LCS52 10M 2K bits (x8) 10 ms 400 kHz 2.5V to 5.5V 

24LC61 10M 1K bits (x8) 10 ms 400 kHz 2.5V to 5.5V Software addressable devices for both identification, software WP 

24LCS62 10M 2K bits (x8) 10 ms 400 kHz 2.5V to 5.5 V Software addressable devices for both identification, software WP _ 
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SPI) SERIAL EEPROM FAMILY 


1M 4K bits (x8) 
1M 8K bits (x8) 
1M 16K bits (x8) 
1M 32K bits (x8) 
1M 64K bits (x8) 


1M j 4K bits (x8) 
1M 8K bits (x8) 
1M 16K bits (x8) 
1M 32K bits (x8) 
1M 64K bits (x8) 


1M 4K bits (x8) 
1M 8K bits (x8 

1M 16K bits (x8) 
1M 64K bits (x8) 











* Contact Microchip Technology Inc. for availability date. 






PARALLEL ELECTRICALLY ERASABLE PROMs (EEPROM) 
Product [Dent (rzanation) [Byte Wite Tine] Number of Pins] Packages [Unique Features 


“STANDARD SERIES 


28C04A 4K bits (x8) ims 24 P 
32 L 
28C16A 16K bits (x8) 1ms 24 P 
28 TS, VS 
32 L 
28C17A 16K bits (x8) ims P, SO Ready/Busy Pin 
TS, VS 
L 


28LV6E4A 64K bits (x8) ims 28 P, SO, TS, VS | Low voltage capability 
32 down to 3.0V 







FAST BYTE WRITE SERIES 


L .J 
28C16AF 16K bits (x8) 200 ps 24 Po 
28 TS, VS 
32 L 


28C17AF 16K bits (x8) 200 ps 24 Ready /Busy Pin 
32 
28C64AF 64K bits (x8) 200 ps. Pe P, SO, is. vs Ye 


Special Features: Access times of 150, 200, 250 ns (Except 28LV64A; Access Time = 300ns) and 
Commercial and Industrial Temperature Ranges. 











SERIAL ELECTRICALLY ERASABLE PROMs (EEPROM) : 
[ procuct | E/W cytes | Dena (rzanzaton) [Wate Speed | Max CockFoa. | OperatngVotage | Uniuereatien | Packages 

















Special Features: Page write mode, HOLD pin, software enabled block write protection and hardware write protect pin. 












Supports SP! Modes 0, 3. 










Supports SPI Modes 0, 3. 


NNHMDN | NHHWMMW 
22222} 22222 





Supports SPI Modes 0, 3. 


VUVO] VUVVU| VUVU. 


- 












. ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY (EPROM) 
[Produet [sto | Orzanation [Access Tie (ns) Operating Votage| Packages | Temp. Range 


STANDARD EPROM FAMILY 
























64K bits SV 
64K bits -5V 
64K bits 5V. 
64K bits SV 
64K bits SV 









128K bits 
128K bits 
128K bits 
128K bits 
128K bits 


256K bits 
256K bits 
256K bits 
256K bits 
256K bits 


512K bits 
512K bits 
512K bits 
512K bits 








NNNDNN| HHNWHHW 
O99000 | O900090 






























27C512A-20 
27C512A-15 
270512A-12 
27C512A-10 
27C512A-90 | 512K bits 


27LV64-30 64K bits 
27LV64-25 64K bits 
27LV64-20 64K bits 


27LV256-30 | 256K bits 32Kx8 . . 
27LV256-25 | 256K bits 32Kx8 250 . . ; 
27LV256-20 | 256K bits 32Kx8 200 


SERIAL EPROM FAMILY i ; 
40 MHz clock 3.0V to 6.0V P, SO, L 
10 MHz clock 3.0V to 6.0V P, SO, L 
10 MHz clock 3.0V to 6.0V P, SO,L 










































37LV36 35K bits | 1134x32 
37LV65 64K bits | 2048x32 
37LV128 128K bits | 4096x32 
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DEVELOPMENT SYSTEMS 


EMULATORS . 


"fob | Probe 
eNi67201 


PIC16C558 EM167033 EM167034 EM167113 —M167114 AC165030 AC165020 EM167208 AC165208 
PIC16C56 —EM167015 —EM167016 EM167101 —M167102 AC165004 AC165015 AC165201 


AC165201 


WA 


* PICMASTER PICi2CXXX emulation support also requires the use of a probe kit daughter board AC122001. 
* ICEPIC PIC12CXXX emulation support also requires the use of a kit daughter board adapter AC122002. - 
** Contact Microchip Technology for availability date. 
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DEVELOPMENT SYSTEMS (CONTINUED) 


EMULATORS (Continued) - ; 


Model Name/Part umber | MS are _oashier Sor 
POITCADA Ewa 7008 MZ 
wh 
earerse____————~4|_earroos | ewarroioss | ewarrsoos= | _ewarrino~ | _aca7sooe> | _soiveooss [WANA 


* PICMASTER PIC12CXXX emulation support also requires the use of a probe kit daughter board AC122001. 
* ICEPIC PIC12CXXX emulation support also requires the use of a kit daughter board adapter AC122002. 
** Contact Microchip Technology for availability date. 


eg ee 

SOFTWARE TOOLS | ee - | . noe . . “ 

MPUSM ranged Dement renner | swooTO | ooTeT2 | swonro02 | swocro02 | swcoTowz | sworonz | swmovouz | swooreoe | sworce | swicrooe fo 

cect Lee fe fe Pm fe pe Poe fe Pe 

[Sec ae CSS SS = = NG Fea ( 
DVO05001 


uci pvoos001 | Dvo00s001 | Dvo00s001 | Dv00s001 DVv005001 pvo0s001 | pvoos001 | DVv005001 DV005001 Po fe 


fuzzyTECH-MP Edition Fuzzy Logic DVO05002 | DVOO5002 | DvOO5002 | DV005002 DV005002 pvoos5002 | pvoos002 | pvoos002 | pvo0s002 | pvo0s002 Po = fl 


Development Tool 
MP-DriveWay™ Applications Code Generator. | | — | SwO06006 | SWO06006 | SW006006 swoo6so0s | swooso0s | swooso0s | swoos00s | Swoo6006** a i 














PROGRAMMERS 


: ‘ : 2 3 49 ones ; : Se i. ee 7 ms 
| PICSTART Plus Low-Cost Development Kit pvo03001** | DV003001 Dv003001 pvoo3001 | pvoo3001 | pvo03001 | Dvo003001 | Dvo03001 a ha 
PRO MATE® Il Universal Programmer pvoo7003 | pvoo7003 | pvo07003 | Dv007003 ~ DV007003 pvoo7003 | pvoo7003 | pvoo7003 | pvoo7003 | pvo07003 | pvo07003** | DVvo07003** 





fa Programe ee a 


DEMONSTRATION BOARDS 
Serial EEPROM Designer's Kit 





P| v2 3001 


PICDEM-1 


DM163001 
DM143001 Sp 
* Contact Microchip Technology Inc. for availability date. 


** Development tool is available.on select devices. Please refer to the Microchip Development Systems Ordering Guide for device-specific ordering numbers and more information. 
*** Microchip Technology Inc., Telephorie (602) 786-7627; H-TECH Software LLC Telephone 1-800-735-5715 U.S.A., Telephone 61 7 3354 2411 Australia or Web Site www.htsoft.com. 


KeeLoq Evaluation Kit - 


% 








“ouy ABojouyse diyoouiy 


"ous ABojouyoe | diyooJIW] 8661 © 


Li-t e6ed-y7zZ000Sa 


MICROCHIP TECHNOLOGY INC. FUTURE PRODUCTS GUIDE® (As of March 1998) 





PICmicro CMOS OTP 8-BIT MICROCONTROLLERS* . 


Det 

Pe Blea lcs see eee ae ae 
ae Ae ee 
Sd 
pore | am foomss| oa [f=] © [RRL = | m | — [over] we [eemeenimenamemen | — [eaomanm 
poser | ave fiz] em | [a] © [| = | m | — [over] wo [rmwomnnnmenanemen | [arama 
pescme | oe fuss] owe | [a] = [RL = | om | [emer] momo = [aaenaw 
pasar | ore fis] om [> [=] © [| = | vm | — [ever] me [remsennimontmtnn | — [arama 
eee eee ee 
peso [ow [moor om [m= [ea ladel — fe [oe [= ower] we eeretsnm ee [pecan 


recess | aoe | sae [wo [| — [=p mr [Yas | sue [= se, 2880, 2855, 2800 
pene ee fee or pete | eee aa 


PIC16C773 7168 | 4096x14 22 USART/ 34WDT 28P, 2850, 28SS, 28JW 
(1081) Pe/SP1 
maar | | ite a nee 


*Contact Microchip Technology for availability date. 
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MICROCHIP TECHNOLOGY INC. FUTURE PRODUCTS GUIDE* (As of March 1998) 













PiCmicro ENHANCED FLASH 8-BIT MICROCONTROLLERS * 


EPROM | Data | Max. Brown | | | 
Data RAM | Speed! 1/0 | ADC Serial Out Compara- inCiecult Serial ROM 
Memory | Bytes | MHz | Ports | SBits| 1/0 Detection | tors Programming Other Features Equivalent Packages 
rewrers | ae [ea] ® [ome [oe | [adel — [=| - [= [over[ se [eeecrmnrenecaianaa | — [am 
wears | as [aN | = [| | lado] — [-| — [ — [ever] oe [emnerinrietntacaaey | — [eam 
PIC12F680 896 | 512x114 | 46 428 | 10 1+WDT Yes 25mA source/sink per 1/0, intemal oscillator, 2.5V 8P, 8SM 
(Flash) (Flash) pe , internal oscillator, 2. ; 
rear | 6s | 8 ee de 
1792 1024 x 14 USART/ 25mA source/sink per 1/0, internal clock oscillator, 
3584 2048 x14 USART/ 25mA source/sink per 1/0, internal clock oscillator, 
3584. 2048 x 14 4 25mA source/sink per 1/0, internal clock oscillator, 
7168 e 
3 















‘ouj ABojouyse| diyoousiy 














5 
Fla 
16 4096 x 14 4 USART/ 25mA source/sink per I/O, internal clock oscillator, ) 
piciera25 | een | och | 64 | 128 | 20 | 22 | — | USART 2] ves | 2 | 3+WDT 25mA source/sink per I/0, Capture/Compare /PWM a 28P, 2850, 28SS 
896 512x14 20mA source and 25mA sink per 1/0, 64 bytes data 
reene | dom [ea | « |= [= l=|-|- |-|—- | — [oo] lear e hemos 
1792 1024 x 14 20mA source and 25mA sink per 1/0, 64 bytes data 
mesereaa | dice [Mew | ¢ |e | 2 | | - | — |-| — | — | vor Zerit Cpe mes cta | — | 1880, 208s 
veers | OS [mea = [om [= [| — [RL [om [> [er| ee fasmtenrnicntnenrn | — (a 
7168 4096 x 14 USART/ 25mA source/sink per 1/0, Parallel Slave Port, 
rewros | 6S, [Pex] = | [= [=| [eels [> [oer] mean cers 
rows | 0 (aaa | = [me [= [a | [eee 2 [oe [2 [er [ We enevaermcenmcnr [fra 
14336 | 8192x14 USART/ 25mA source/sink per I/O, Capture/Compare/PWM, 
rewror | wm [Pre | = [a [f= [— [el [om [= [mor] me RR Tenor | Towa 
rows | Fh [Pa] & [om | [= [ae as EN cd 
piciera73 | pies, | 4098 x 14 192 | 20 | 22 | wcata | Pees 3+WDT 25mA source/sink per |/0, 2 Capture /Compare/PWM p= | 28P, 2880, 28SS 
7168 4096 x 14 8 USART/ 25mA source/sink per 1/0, Parallel Slave Port, 
rsa | HE RN] = [om | = | [ado] WEL[ 2 [om | 2 [over] ve fismtmnermonie creer | — [am 
14336 | 8192x14 8 USART/ 25mA source/sink per 1/0, Capture/Compare/PWM, 
mcaere77 ea | 26 | a8 | 20 | 2 facto] HEM | 2 | ve | 2 | sewer Peat Sieur 0” Copue/Compare/P 40? A, 40PT 


*Contact Microchip Technology for availability date. 











ADC = Analog-to-Digital Converter DAC = Stk vip lt Converter PWM = Pulse Width Modulator WDT = Watchdog Timer 
CAP = Capture. E? = EEPROM (Reprogrammable) SPI = Serial Peripheral Interface SLAC = Slope A/D Converter, up to 16 bits 
-CCP= Capture/Compare/PWM I?C = Inter-integrated Circuit Bus USART = Universal Synchronous/Asynchronous Receiver/Transmitter SMB = System Management Bus 








ANN 
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Serial EEPROM Cross Reference Guide 0.0... cecccceccssceessececseccsceescscescseceeees 2-5 
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SERIAL EEPROMS 


Serial EEPROM Selection Guide 


MicROCHIP 








I2c™ 


Density/ Page Write 
Organization Buffer Speed 


Max Clock 
Frequency 


Temp # Package 
Range Pins Types 


Operating 


Device Voltage 


24AA00 
24LC00 
24C00 
24AA01 
24AA02 
24LC01B 
24LC02B 
24AA04 
24LCS52 
24C04A 
24C01SC 
24C02SC 
24LC21 
24LC21A 
24LCS21 
24LCS21A 
24LC41 
24LC41A 
24LCS41 
24LCS41A 
24AA08 
24LC04B 
24LC08B 
24C08B 
24C16B 
24AA16 
24LC16B 
24FC16 
24AA164 
24LC164 
24AA174 


24LC174 


24AA32A 


128K bits (16 x 8) 
128K bits (16 x 8) 
128K bits (16 x 8) 
1K bits (128 x 8) 
2K bits (256 x 8) 
1K bits (128 x 8) 
2K bits (256 x 8) 
4K bits (512 x 8) 
2K bits (256 x 8) 
4K bits (512 x 8) 
1K bits (128 X 8) 
2K bits (256 x 8) 
1K bits (128 x 8) 
1K bits (128 x 8) 
1K bits (128 x 8) 
1K bits (128 x 8) 
1K/4K bits 
1K/4K bits 
1K/4K bits 
1K/4K bits 
8K bits (1K x 8) 
4K bits (512 x 8) 
8K bits (1K x 8) 
8K bits (1K x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 


16K bits (2K x 8) 


32K bits (4K x 8) 


N/A 

N/A 

N/A 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
16 bytes 
16 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
8 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 


16 bytes 
+16 bytes 


16 bytes 
+16 bytes 


32 bytes 


400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
100 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
100 kHz 
100 kHz 
400 kHz 
400 kHz 
1 MHz 
400 kHz 
400 kHz 
400 kHz 


400 kHz 


400 kHz 


C,! 
C,l 
CLE 
CI 
C,I 
C,I 
Cl 
Cyl 
Cl 
C,1,E 
C 
C 


8,14 
8 
8,14 


oo wnonewendeaeevevo o @®@ 


OTP SN, ST 
OTP, SN 
OTP, SN 
P, SM,SN 
P.SM,SN 
P,SM,SN 
P,SM,SN 

PSL,SM,SN 
PSN,ST 

PSN,SM,SL 

WF 
WF 
PSN 
P 
PSN 
PSN 
PSN 
PSN 
PSN 
PSN 

P,SL,SM,SN 

PSL|SM,SN 

PSL,SM,SN 
PSL,SN 
PSL,SN 
PSL,SN 
PSL,SN 

PSN 
PSN 
PSN 
PSN 


P,SN 


PSN 


1.8V -6.0V 
2.5V -6.0V 
4.5V-5.5V 
1.8V -5.5V 
1.8V -5.5V 
2.5V-5.5V 
2.5V -5.5V 
1.8V -5.5V 
2.5V -5.5V 
4.5V -5.5V 
4.5V —5.5V 
4.5V -5.5V 
2.5V -5.5V 
2.5V —5.5V 
2.5V —5.0V 
2.5V ~5.0V 
2.5V -5.0V 
2.5V —5.0V 
2.5V ~5.0V 
2.5V —5.0V 
1.8V ~5.5V 
2.5V -5.5V 
2.5V -5.5V 
4.5V -5.5V 
4.5V -5.5V 
1.8V —5.5V 
2.5V —5.5V 
4.5V—5.0V 
1.8V —5.5V 
2.5V -5.5V 
1.8V -5.5V 


2.5V — 5.5V 


1.8V —5.5V 





12C is a trademark of Philips Corporation. 


t 


© 1998 Microchip Technology Inc. DS21087E-page 2-1 
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Serial EEPROMs 


IC™ (Continued) 


Device 
24LC32A 
24C32A 
24AA32 
24L.C32 
24032 
24FC32 
24AA64 
24LC64 
24AA65 
24LC65 
24C65 
24FC65 
24AA128 
241.0128 
24AA256 
24L.C256 


Microwire® 


93AA46 
93AA56 
93AA66 
93LC46A 
93LC46B 


| SSLCS6A 


93LC56B 
93LC66A 
93LC66B 
93LCS56 
93LCS66 
93AA76 


93AA86 


93LC76 


93LC86 


93C76 
93C86 


Microwire is a registered trademark of National Semiconductor Incorporated. 


Density/ . 


. Organization 


32K bits (4K x 8) 
32K bits (4K x 8) 
2K bits (4K x 8) 
32K bits (4K x 8) 
32K bits (4K x 8) 
32K bits (4K x 8) 
64K bits (8K x 8) 
64K bits (8K x 8) 
64K bits (8K x 8) 
64K bits (8K x 8) 
64K bits (8K x 8) 
64K bits (8K x 8) 
128K bits (16 x 8) 
128K bits (16 x 8) 
256K bits (32 x 8) 
256K bits (32 x 8) 


Density/ 
Organization 


1K bits (x8 or x16) 


2K bits (x8 or x16) 

4K bits (x8 or x16) 
1K bits (128 x 8) 
1K bits (64 x 16) 
2K bits (256 x 8) 
2K bits (128 x 16) 
4K bits (512 x 8) 
4K bits (256 x 16) 
2K bits (128 x 16) 
2K bits (128 x 16) 

8K bits 


(1024 x 8 or 512 x 16) 


16K bits 


(2048 x 8 or 1024 x 16) 


8K bits 


(1024 x 8 or 512 x 16) 


16K bits 


(2048 x 8 or 1024 x 16) 


1K bits (64 x 16) 
1K bits (64 x 16) 


DS21087E-page 2-2 


Page 
Buffer 


32 bytes 
32 bytes 
64 bytes 
64 bytes 
64 bytes 
64 bytes 
32 bytes 
32 bytes 
64 bytes 
64 bytes 
64 bytes 
64 bytes 
64 bytes 
64 bytes 
64 bytes 
64 bytes 


Page 
Buffer 


Write Max Clock 
Speed Frequency - 


- 400 kHz 
400 kHz 
100 kHz 
400 kHz 
400 kHz 

1 MHz 
400 kHz 
400 kHz 
400 kHz 
400 kHz 
100 kHz 

1 MHz 
400 kHz 
400 kHz 
400 kHz 


400 kHz 


Write Max Clock 
Speed Frequency 


Temp # 
Range Pins 


Temp # 
Range Pins 


8,14 
8,14 
8 


© 1998 Microchip Technology Inc. 


Package 
Types © 
PSN 
PSN 
P,SM 
PSM 
P,SM 
P,SM 
PSN,SM,ST 
PSN,SM,ST 
PSM 
P,SM 
PSM 
PSN 
P,SN,SM,ST 
P,SN,SM,ST 
P.SM,ST 
P.SM,ST 


Package 
Types 


P.SM,SN 
P,SM,SN 
P.SM,SN 
P,SM,SN 
P,.SM,SN 
P,SM,SN 
PSM,SN 
P,SM,SN 
P.SM,SN 

P,SL,SM,SN 

P,SL,SM,SN 

P, SN 


P, SN 


P, SN 


P, SN 


P.SM,SN 
P,SM,SN 








Operating 
Voltage 


2.5V —5.5V 
4.5V ~5.5V 
1.8V -5.5V 
2.5V -6.0V 
4.5V —5.0V 
4.5V -5.0V 
1.8V —5.5V 
2.5V -5.5V 
1.8V -5.5V 
2.5V —6.0V 
4.5V -5.5V 
4.5V -5.0V 
1.8V -5.5V 
2.5V —5.5V 
1.8V -5.5V 
2.5V -5.5V 


Operating 
Voltage 


1.8V —5.5V 


1.8V —5.5V 
1.8V -—5.5V 
2.0V — 6.0V 
2.0V —6.0V 
2.0V ~ 6.0V 
2.0V — 6.0V 
2.0V -6.0V 
2.0V — 6.0V 
2.5V - 6.0V 
2.5V - 6.0V 
1.8V -6.0V 


1.8V -6.0V 
2.5V —6.0V 
2.5V - 6.0V 


4.5V - 5.5V 
4.5V -5.5V 











SPI™ 
Device 


25AA040 
25LC040 
25C040 
25AA080 
25LC080 
25C080 
25AA160 
25LC160 
25C160 
25AA320 
25LC320 
25C320 
25AA640 
25LC640 
25C640 


Density/ 
Organization 


4K bits (512 x 8) 


4K bits (512 x 8) 
4K bits (512 x 8) 
8K bits (1024 x 8) 
8K bits (1024 x 8) 
8K bits (1024 x 8) 
16K bits (2048 x 8) 
16K bits (2048 x 8) 
16K bits (2048 x 8) 
32K bits (4096 x 8) 
32K bits (4096 x 8) 
32K bits (4096 x 8) 
64K bits (8192 x 8) 
64K bits (8192 x 8) 
64K bits (8192 x 8) 


L = Plastic Leaded Chip Carrier 
P = Plastic Dual In-Line Package 
S = Die in Waffle Pack 
W  =Diein Wafer Form 
OT =3-Lead Small Outline Transistor 


Note 1: 


SPI is a trademark of Motorola Corporation. 
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Page 
Buffer 


16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
16 bytes 
32 bytes 
32 bytes 
32 bytes 
32 bytes 
32 bytes 
32 bytes 


Serial EEPROMs 


Write 
Speed 


Max Clock 
Frequency 


Temp # 
Range Pins 


Package 
Types 
P,SN,ST 
P.SN,ST 
P.SN,ST 

PSN 
PSN 
PSN 
PSN 
PSN 
PSN 
PSN 
PSN 
PSN 
P.SN,ST 
P.SN,ST 
P.SN,ST 


Operating 
Voltage 


1.8V —6.0V 


2.5V - 6.0V 
4.5V —5.5V 
1.8V —6.0V 
2.5V — 6.0V 
4.5V -5.5V 
1.8V —6.0V 
2.5V — 6.0V 
4.5V -5.5V 
1.8V —6.0V 
2.5V —6.0V 
4.5V -5.5V 
1.8V —5.5V 
2.5V — 5.5V 
4.5V -5.5V 





=14-Lead Small Outline—150 mil TO = 3-Lead Plastic Transistor Outline 
=8-Lead Small Outline—208 mil TS = Thin Small Outline—8mm x 20mm 
=8-Lead Small Outline—150 mil TT =3-Lead Plastic Small Outline Transistor 
= Small Outline—300 mil VS_ = Very Small Outline—8mm x 13.4mm 

= Shrink Small Outline Package—209 mil WF = Sawed Wafer on Frame 


=Thin Shrink Small Outline Package—4.4 mil 


Not All Combinations Of Speed/Temperature Range/Package/etc. are available. Consult Factory For Specific Part Information. 
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Serial EEPROMs 





NOTES: 
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MiIcROCHIP 


Serial EEPROM Cross Reference Guide 


















The purpose of this document is to provide a quick way 
to determine the closest Microchip equivalent to Serial 










Closest 





































Manufacturer Part Number Microchi ; 

EEPROMs produced by other manufacturers. The | Bean (bits) | 
cross reference section is broken down by manufac- 

turer and lists all parts from that manufacturer, and the AK6002A 24.0024 
comparable Microchip part number. There is also a list- AK6420A 24AA02 2K 
ing of manufacturers part numbering schemes to AKM =——s—s«AK@440A 24AA04 
assist in determining the specifications of a particular AK6480A 24AA08 BK 
pelt AKM___AK@aC45A__[oaAaag 
There are subtle differences from manufacturer to AK93C55A 93AA56. 2K 
maradacturer en device to device, so Merochip rec. Taxa [axoacesa panne 
databook for specific details. ui ooo 16K _| 

Atmel AT24C01 24LC01B 1K 


Microchip provides a wide selection of Serial EEPROM 
devices, both from a density and a packaging stand- 
point, as well as several different protocols. If you are 
interested in a part that is not listed in this book, please 
contact your local distributor or sales representative for 
assistance. 


Atmel |AT24C01-1.8 _|24AA01 1K 
Atmel Arzacoia__[2acoie [1K 
Atmel IAT24C01A-1.8 {24.0024 

Atmel 
Atmel JAT24C01A-2.7 _|24L.C024 1K 


os 
98 
Oe 
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i 
ow 
gg 
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The manufacturers included in this document are as 
follows: 


AKM National Semconductor Atmel 24LC024 
ISSI SGS-Thomson Atmel 
Microchip Siemens ; 


| 

Mitsubishi Xicor Atel 
Atmel 

Atmel 


1.8 

Atmel AT24C04-1.8 24AA04 
8 

Atmel AT24C08-2.5 24LC08B 





AT24C08-2.5 | 

Atmel aT2acie aaictes [16k 

Atmel 
16K 

Atmel 

Atmel 

aime aroacies27  [eauciea [16K 

Aimel AT24C32.———s«( 2ALC32 

aime 

Atmel 
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fame paLces 
Atmel __—[aTaacea25 [eacos 
[Amel araactas2.7[ea.cias [128K 
lame [atoacas_foaucas ik | 
pe eee 
93LC46B 

391066 
Atmel |aT9acee-t. 
fame aK 
fate aK 
mel 

Atmel 


Serial EEPROMs 




























Closest 
Microchip 
Equivalent 


Atmel AT24C64 24LC64 









Part Number 

















64K | 
64K 


Atmel AT24C64-2.5 24LC64 64K 







Atmel 3AA66 
Atmel 3LC66 4K 
Atmel 3LC66 4 
Atmel |AT25040 —=—s|25C.040 
Atmel JAT25040-1.8 _ |25AA040 
Atmel |AT25040-2-7 —_|25LC040 


ii 
aS 


o 
A 


4 
4K 
4K 
8K 


A 


Atmel lAT25080 —=—-|25C080 

Atmel AT25080-2-7 —_|25LC080 
Atmel AT25160 —— [25160 16K 
Atmel |AT25160-1.8  |25AA160 16K 
Atmel |AT25160-2-7 __ |25LC160 16K 


8K 






Atmel AT25320. —=s—- {256320 
Atmel |AT25320-2-7 __ |25LC320 
Atmel AT25640 —=—- [25640 
Atmel |AT25640-1.8  |25AA640 
Atmel |AT25640-2-7 —_ |25LC640 


A 


32 


> 
= 
nN 
oO 
[o>] 
PS 
© 
" 


64 

128K 
128K 
128K 


> 
3 
oO 
—_ 
nN 
© 


Aime arasige ——_‘iescize 
25AAI26 
AT25128-2-7 25LC128 





> 
cae 
N 
oi 
nm 
qn 
o 


arasase __[a50266 
Atmel AT25256-1.8 25AA256 


AT25256-2-7 25LC256 


fearaawcot |eacoaa 
CAT24WC01-1.8 |24LC024 1K 
3 ICAT24wC02 —s«|24L.C024 2K 
ICAT24WC02-1.8 |24LC024 2K 


CAT24WC04 24LC04B 4K 


2iziz 
3/3/3 
&|o |o 
> 
na 
ol 
a, 
N 
© 
(oe) 


256K 


2 
3 
o 


x< 
ho 
oO 
~) 
= 














A 


QN10};O};9O;90O 
[eee 
<l<isi<ls 
2Z2lifgiZia2iz 



















Closest 
Microchip 
Equivalent 


Catalyst ICAT24WC04-1.8 |24AA04B 
Catalyst |CAT24wcos —_—s«[24L.C08B 
Catalyst ICAT24WC08-1.8 |24AA04B 
Catalyst ICAT24WC16 —[24LC164 16 
Catalyst ICAT24WC16-1.8 |24AA164 16K 
Catalyst ICAT24wC32 —«|24L.32 32K 
Catalyst ICAT24WC32-1.8 |24AA32 32 
Catalyst ICAT24WC64 —s«|24LC64 64 
Catalyst _ CAT24WC64-1.8 |24AA64 64K 
Catalyst ICAT24WC128 [24.0128 128K 
Catalyst ICAT24WC128-1.8 |24AA128 128K 
Catalyst ICAT24WC256 —«|24LC256 256K 
Catalyst ICAT24WC256-1.8 |24AA256 256K 


Catalyst CAT93C46 93LC46A (X8)/ [1K 
93LC46B (X16) 
Catalyst CAT93C46-1.8  |93AA46 1K 
Catalyst CAT93C56 93LC56A (X8)/ |2K 
93LC56B (X16) 
Catalyst CAT93C56-1.8  |93AA56 2K 
Catalyst CAT93C57 93LC56A (X8)/ 
93LC56B (X16) 
Catalyst CAT93C57-2.7  |93LC56A (X8)/ 
93LC56B (X16) 


Catalyst CAT93C57-2.5 93LC56A (X8)/ 









Size 


Manufacturer Part Number (bits) 














4 
8K 
8K 


~A 


A 


A 







93LC56B (X16) 


Catalyst ICAT93C57-1.8  |93AA56 
Catalyst pee ee (X8)/ 
93LC66B (X16) 
Catalyst ICAT93C66-1.8 — |93AA66 
Catalyst ICAT93C86 —=—|93LC86 
Catalyst ICAT93C86-1.8  |93AA86 | 
Catalyst ICAT25C64 | 25LC640 
Catalyst ICAT25C64-1.8  |25AA640 
Catalyst ICAT25C128 [250128 128K 


Catalyst CAT25C128-1.8 |25AA128 128K 


ext —~+(xXieatea—~=*ieaLctea ite 
XL24C01A 24C001C/ 1K 
24LC01B 
XL24C02 24C02A/ 2K 
24LC02B 
XL24C04 24C04A/ 4K 
24LC04B 


as0e ‘es.coso [ax 


4K 


4 
16K 


A 


iaiddi 
A 


















8K 
16K 
2K 
1K 


XL93LCO6A 93C06 256 bits 
XL9O3LC46 93LC46B 
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Serial EEPROMs 
















Closest 
Microchip 
Equivalent 


93C46/ 
93LC46B 
93AA46B 
93LC56B 
93LC56B 
93AA56B 
93LC66B 
93LC66B 
93AA66B 
24.0024 
241.0024 
24L.C024 
24L.C024 
24L.C04B 
24L.C04B 
24L.C04B 
24L.C04B 
24L.C08B 
24L.C08B 
24LCO8B 
24LC08B 
24L.C16B 16K 
24L.C16B 16K 
24LC16B 16K 
24L.C16B 16K 
24C65/ 24064 |64K 
24L.C64 
24L.C64 
24AA64 
25C040 4K 
25LC040 4K 
25C160 16K 
25LC160 16K 
93LC46B 1K 


93LC46A (X8)/ |1K 
93LC46B (X16) 


93LC46A (X8)/ 


Part Number 











1K 


1K 
2K 
2K 
2K 
4K 
4K 


XLO3LC66A 
XL93LC66B 
NM24C02 
NM24C02L 
NM24C03 
NM24C03L 
NM24C04 
NM24C04L 
NM24C05 
NM24CO5L 
NM24C08 
NM24CO08L 
NM24C09 
NM24CO9L 
NM24C16 
NM24C16L 
NM24C17 
NM24C17L 
NM24C65 
NM24C65L 
NM24C65LZ 
NM24C65XLZ 
NM25C040 
NM25C040L 
NM25C160 
NM25C160L 
NM93C46 
NM93C46A 


| MS | | | XK < 
Clr cicic — 
oe Ro Ro Rio Rie) co 
WD}, WO) O10] oo 
ous ees oe oe _ 
O};O/9O1}O;9O O 
Dian als & 
D/H) D)| HD! HD re) 

w| > w > 


BSS 











2K 
2K 
2K 
4K 
4K 
4K 
4K 
8K 


National 


8 


A 


N 


National 


National 


National 


National 


dail 
ALA 


NM93C46AL 1K 


NM93C46L 
NM93C46LZ 
NM93C46XLZ 
NM93C56 
NM93C56A 


93LC46B 
93LC46B 
93LC46B 
93LC56B 
93LC56A (X8)/ 


1K 
1 
1K 


oO 
[¢e) 
om 
S 
ro) 
o 
x 
2 


A 


a 
ro) 
=. 
oO 
= 
» 


NM93C56L 
NM93C56LZ 
NM93C66 
NM93C66L 
NM93C66LZ 


93C56B 
93LC56B 
93C66B 
93LC66B 
93LC66B 


2K 
4K 
4K 
4K 


National 





ie) 
o 
— 
2) 
on 
oO 
@ 
oo 
> 
2 















Closest 
Part Number Microchip 
Equivalent 


NM93C86 93C86 
NM93C86A 93C86 
NM93CS56 93LCS56 2K 
93LCS56 2K 
93LCS56 2K 
93LCS66 4K 














J 


o> 







16 


=f 
= 
S 
> 

z 

= 

Te) 

a) 

Q 

~” 

ay 

op) 

- 


NM93CS56LZ 
NM93CS66 


























National NM93CS66L 93LCS66 4K 
National —« [NM93CS66LZ _|93LCS66 4K 
Philips-Signetics |PCF8598C-2__—|2aLcie4 | 16K 
SGS-Thomson |M24C01 24C01C 1K 


SGS-Thomson 
SGS-Thomson 


M24C01-W 
M24C01-R 


24LC024 
24LC024 





1K 


M24C16-W 24.0164 
M24C16-R 24AA164 16K 
M24C32 24C32 32K 
M24C32-W 24L.C32 
M24C32-R 24AA32 32K 
SGS-Tnomson [weacea _[eacea ‘oak 
M24C64-W 24L.C64 
SGS-Thomson |M24C64-R 24AA64 64K 
SGS-Thomson |M24C128 240128 128K 
M24C128-w —-[24LC128 

SGS-Thomson |M24C128-R 24AA128 128K 
SGS-Thomson |M24C256 24C256 

SGS-Thomson |M24C256-W 24LC256 


24AA256 
93C46B 1K 
93LC46A (X8) |1K 


GS-Thomson 
SGS-Thomson 
SGS-Thomson 


M24C256-R 
M93C46 
M93C46-W 





M93C46-R 
M93C56 


93AA46 


93C56A (X8) 
93C56B (X16) 


-Thomson 1K 


-Thomson 


DTH ” 
G) | G) 
01M 
i<e) 
o 
Q 
o> 
ss) 
S 
ht, 
nn 
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OF 
5 8 
Oe 
Y 6 
oe eas 
0 W 
eo 
o 
358 
3 &. 
o§ 


1K 
SGS-Thomson _ kK 
M24C02 24C02C 
M24C02-W 24.c024 [2k 
M24C02-R 241.0024 7 
M24C04 24C04A 
M24C04-W 24L.C04B 
SGS-Thomson |M24C04-R 24AA04 
M24C08 24C08B 
M24C08-W 24.C08B_ ss 8K 
SGS-Thomson |M24C08-R 24AA08 
SGS-Thomson |M24C16 24LC164 16K 








Serial EEPROMs 



















Closest 
Microchip 
Equivalent 


M93C56-W 93LC56A (X8) 

93LC56B (X16) 
GS-Thomson |M93C56-R 93AA56 2K 
SGS-Thomson |M93S56 93LCS56 2K 


SGS-Thomson |M93C66 93CE66A (X8) |4K 
93C66B (X16) 
M93C66-W 93LC66A (X8) |4K 
93LC66B (X16) 
M93C66-R 93AA66 
SGS-Thomson |M93S66 93LCS66 


SGS-Thomson |M93C76 93C76 
GS-Thomson |M93C76-W 93LC76 












Part Number 

















SGS-Thomson 2K 





” 


SGS-Thomson 


GS-Thomson 


& 


4K 
8 
8K 
8K 


A 


nn eS 
7 : 


SGS-Thomson |M93C76-R 93AA76 






SGS-Thomson |M93C86 93C86 6K 
SGS-Thomson |M93C86-W 93LC86 6K 
SGS-Thomson {M93C86-R 93AA66 16K 











250040 
25.0040 
zaccss2 (ek 
xico x24c00_—~(2dLcoo (128. 





Xicor |X24C01 \24C01C/ \iK 
24LC01B 


Xicor X24C01-3.0 24LC01B 1K 
Xicor X24C01-3.5 24LC01B 1K 


Xicor eee een 1K 


24LC01B 


Xicor X24C01A-2.7 24LC01B 


1K 
1K 
1K 







X24C01 

Xicor X24C01A-3.0 — |24LC01B 

Xicor IX24C01A-3.5 — |24LC01B 

Xicor x24012 ~~ [24Lco24 

ee eee 2K 
24L.C024 

} x24C02-2.7 —‘[24LC024 2K 


X24C02-3.0 24LC024 
X24C02-3.5 24LC024 


2K 
2K 
4K 


Pas x x x 
Qoi;iae;9 Q 
o|o;9 °o 
s/s 13 4 


X24022 24LC024 


X24C04 24C04A/ 
24LC04B 





QO 
sis} s/s 
bn a ee! a | 


X24C04-2.7 24L.C04B 
X24C04-3.0 24L.C04B 































Closest Size 
Manufacturer Part Number Microchip . : 
: (bits) 
Equivalent 














xicor a 






g 


Xicor 

Xicor X24641-2.5 24Lc64 «(64 
24L.C64 

xaet2e18  [eaaaton [120K 


K 

K 

K 
16K 
16K 
16K 
16K 
16K 
16K 
16K 
16K CO 
32K 
32K 






Q 
°o 
an 


_ |X25160 16K 


X25160-2.7 24LC160 16K 


4K . 
4K 
4K 
8K 
8K 












: Pa vas >< 2s >< 
.?) Qa1o;9O 
° 8 o;1o!|9o 
sin |/RiaRAis 



























eAk 
icor—~(x@s642.27 —_—[asiceso [oak 
ico —=«ixas 128.27 
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Serial EEPROMs 


COMPETITIVE PART NUMBER BREAKDOWN 


FIGURE 1: AKM — NOT AVAILABLE 
FIGURE 2: ATMEL 


AT XXXX X X X X 


| Processing 


Temperature Range 


Package 


Speed 
Device 
Prefix 


FIGURE 3: CATALYST SEMICONDUCTOR 


CAT XXXX X X X 


| Temperature Range 


Package 


Parameter 


Device 


Prefix 
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Standard 
Mil-Std-883, Class B Fully Compliant 
Mil-Std-883, Class B Non-Compliant 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 
Military (-55°C to 125°C) 


Ceramic Side Braze Dual In-line 
Cerpack 

Cerdip 

Flatpack 

Cerdip, One Time Programmable 
Plastic J-lead Chip Carrier 
Ceramic J-Lead Chip Carrier 
Leadless Chip Carrier 

Ceramic Module 

Leadless Chip Carrier, One Time Programmable 
Plastic DIP 

Plastic Quad Flatpack 

SOIC 

SOIC 

TSOP 

PGA 

TAB 

Die 

Cerpack 

Ceramic Multi-chip Module 


B 
C 
| 
M 
B 
B 
D 
F 
G 
J 
K 
L 
M 
N 
P 
Q 
R 
S 
T 
U 
V 
W 
Y 
Z 





3=3V 

5 = 5V 

Clock Frequency: 
A = 4.915 MHz 

B = 3.5795 MHz 


Commercial (0°C to 70°C) 
Industrial (-40°C to 85°C) 
Military (-55°C to 125°C) 


Chip on Board 
Cerdip 

LCC 

S.O. (EIAJ) 


PLCC 
Plastic DIP 


Advanced Device or Special Assg. 
High Endurance 

Low Power 

Special Voltage 


3V 
5V 


rie | 


OB 


Cc 
D 
L 
K 
N 
P 
A 
H 
L 
V 
3 
5 





os 
598 
We 
0 6 
= 0 tag 
own 
7. 
oO 
52 
J oh 
os 





Serial EEPROMs 








FIGURE 4: EXEL 


EL X XXXXX-XXX/XXXXX 


Special Features 
Speed 


Package Type Cerdip 

Plastic Leaded CC 
SOIC 

Plastic DIP 

Skinny DIP (0.3”) 
Unpackaged (Die) 


Memory Product 

Logic Device 

In the middle of part number designates 
CMOS device 


0°C to 70°C 
-40°C to 85°C 
-40°C to 105°C 


Cc 
OD 
J 
P 
P 
U 
2 
7 
C 


Temperature Range 


Pm 


Prefix 





FIGURE 5: ISSI—NOT AVAILABLE 
FIGURE 6: MICROCHIP SERIAL EEPROM PART NUMBER GUIDE 


XX XX XX XX XK / XX 


Plastic Leaded Chip Carrier 

Plastic Dual In-Line Package 

Die in Waffle Pack 

Die in Wafer Form 

14-Lead Small Outline—15 mil 
8-Lead Smail Outline—208 mil 
8-Lead Small Outline—150 mil 
Smail Outline—300 mil 

Shrink Small Outline Package—209mil 
Thin Shrink Samm Outline Package 
Thin Small Outline—8mm x 20mm 
Very Small Outline—8mm x 13.4mm 


Process Temperature Blank 0°C to +70°C 
-40°C to +85°C 
-40°C to +125°C 


Options Rotated pinout (93LCXX devices) 
Tape and Reel 


Memory 128 x8 
256 x 8 
512x8 
1Kx8 
2Kx 8 
4Kx 8 
8K x 8 
128K x 8 or 64x 16 
128 x 8 
256 x 8 
512x8 

06 256 Bit 16 x 16 

46 1K 64x 16/128x8 
56 2K 256x 8/128 x 16 
66 4K 512x 8/256 x 16 


5.0V operation 

2.5V or 2.0V operation 
1.8 V operation 

I2c™ 

SPI™ 

4-wire 

2-wire 

Microwire® 


Package 


L 
P 
S 
Ww 
SL 
SM 
SN 
SO 
Ss 
ST 
TS 
VS 


Voltage Range | Cc 
LC 
AA 


Part Number Designator 24 
25 
59 
85 
93 
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Serial EEPROMs 








FIGURE 7: NATIONAL SEMICONDUCTOR CORPORATION 


NM XX C S 06 X L ZE M8 


Package N = Plastic DIP 
Mn 14 Lead 80 
, = ea 
erelee M8 = 8 Lead SO 


Operating Tem- No O°C to 70°C 
perature Range Entry -40°C to 85°C 


Interface: 93 = Microwire, 24 = I°C, 25 = SPI 





CMOS E -§5°C to 
M 125°C 
Features Zero Standby Z = <1 pA Standby Cur- 
No Entry = Standard curren! en 
cS) = User programmable write protection and Operating Voit- L = 2.0V to 5.5V 
sequential read age Range No Entry = 4.5V to 5.5V 
Temperature X = 1.8V Read/Write 





Range 
Memory Size 


06/13 256 bit 
46/14 1024 bit 





56 2048 bit 

66 4096 bit 

02 2 kbit 

03 2 kbit w/ write protect 
04 4 kbit 

05 4 kbit w/ write protect 
08 8 kbit 

09 8 kbit w/ write protect 
16 16 kbit 

17 16 kbit w/ write protect 


FIGURE 8: MITSUBISHI—NOT AVAILABLE 
FIGURE 9: OKI—NOT AVAILABLE 
FIGURE 10: PHILIPS 


os 
98 
YN - 
0 6 
yD ~* 
on 
g 8 
x 
32 
J st. 
os 





Package Plastic Leaded Chip Carrier 
Square/Rectangular Plastic Quad Flatpack 
Plastic SO, Dual In-Line 

Plastic SOL, Dual In-Line 

Plastic SSOP 

Plastic SSOP 

Ceramic Dual In-Line 

Square/Rectangular Ceramic Leadless Chip Carrier 
Header 

Hermetic Sidebraze Dual In-Line 

Cerquad J-Bend 

Square Ceramic Leaded Chip Carrier 


Plastic Dual In-Line 
Ceramic Pin Grid Array 
Ceramic Flatpack 
Ceramic Quad Flatpack 


9 
<Svzrx_rane=x vomwr 


Device 


Temperature 0°C to 70°C 

Range -55°C to +125°C 
0°C to 70°C 
-40°C to 85°C 
-55°C to 125°C 
-55°C to 125°C 
0°C to 70°C 
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Serial EEPROMs 








FIGURE 11: SAMSUNG 





KM XXC XXX XX 


Temperature 


Package 
DIP 
SOIC ; 
SOIC with DIP printout 


Device/Density 
256 bits 
256 bits 
1K bits 
Standard 
16 16K bits 
64 64K bits 
256 256K bits 


Type 
Prefix 


FIGURE 12: SEEQ 


X X XXXX XXX X 


CH} Mi-stp-833 Level B Processing 
Read access time of memory devices (ns) 


Device 


Commercial 0°C to +70°C 
Extended Temperature -40°C to +85°C 
Military -55°C to +125°C 


Ceramic 

Leadiess Chip Carrier 
Plastic DIP 

Plastic Leaded Chip Carrier 
Hermetic Flatpack 


Temperature 
Range 


Package Type 


mZ0r0 Smo 





FIGURE 13: SIEMENS — NOT AVAILABLE 
FIGURE 14: SGS-THOMSON 


STXXX XXXXX XX X X : 4 
} | cree Temperature 
Package Plastic 
Ceramic Multilayer 


Ceramic Frit Seal 
SO-8 Plastic 


Speed 
Device 


Family 
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FIGURE 15: XICOR 


X XXXXXXX KX XK XK -XX 


I 
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Access Time 
Processing Level 
Temperature Range 


Package 


Process Technology 
Prefix 


Blank 


Te ImMmMoO fH 


Serial EEPROMs 


0°C to +70°C 
-40°C to +85°C 
-50°C to +125°C 


Ceramic DIP 
Ceramic DIP 
Die 

Plastic LDCC 
Plastic DIP 


Xicor 
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2) 
bop, 3 
O 
” 
W 
me) 
4) 
as 
(D 
— 
4") 
_ 
oO 
om 


mo) 
“= 
re) 
oO. 
c 
2) 
o~> 
Y”) 
= 
© 
2) 
=e 
2) 
3 








! 


Serial EEPROMs 





NOTES: 
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MicROCHIP 











CMOS PARALLEL EEPROMS 


Device 


28C04A_ 


28C16A 

28C17A 

28C64A 
28C64AX 
28C04AF 
28C16AF 
28C17AF 
28C64AF 


PARALLEL EEPROMS 


Parallel EEPROM Selection Guide 


Density/ 
Organization 


4K bits (512 x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
64K bits (8K x 8) 
64K bits (8K x 8) 
4K bits (512 x 8) 
16K bits (2K x 8) 
16K bits (2K x 8) 
64K bits (8K x 8) 


PACKAGES 


L 


P 
S 
WwW 


Plastic Leaded Chip Carrier 

Plastic Dual In-Line Package 
Die in Waffle Pack 
Die in Wafer Form 


Access 
Time (ns) 


150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 
150/200/250 


SL 


SN 
SO 


SM = 


lec (Active/ 
Standby) 


30 mA/100 nA 
30 mA/100 A 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 pA 
30 mA/100 uA 
30 mA/100 pA 
30 mA/100 pA 


Byte 
Write 
Time 


Endur- 


ance Temp 


(cycles) Range 


C,I 
CI 
C,l 
C,l 
C,I 
C,! 
C,| 
C,| 
CI 


14-Lead Small Outline—150 mil TS = 


8-Lead Small Outline—208 mil 


VS 


8-Lead SSmail Outline—150 mil 


Small Outline—300 mil 


* Endurance is guaranteed to 10K cycles at extended (-40°C to +125°C) temperature. 


Note: 
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# Pins 


24,32 
24,28,32 
28,32 
28,32 
28,32 
24,32 
24,28,32 
28,32 
28,32 


Package 
Types 


PL 

PL,TS,VS 
PL,SO,TS,VS 
PL,SO,TS,VS 
P,L,SO,TS,VS 
PL 

PL,TS,VS 
P,L,SO,TS,VS 
P,L,SO,TS,VS 
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Operating 
Voltage 


4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V -5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 
4.5V - 5.5V 





Thin Small Outline—8mm x 20mm 
Very Samall Outline—8mm x 13.4mm 


Not All Combinations Of Speed/Temperature Range/Package/etc. are available. Consult Factory For Specific Part Information. 


OF 
98 
5 
ow 
38 
4?) 

3 2 
oo 








Parallel EEPROMs 





NOTES: 
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MicROCHIP E PRO M S 


EPROM Selection Guide 












CMOS PARALLEL EPROMS 
: Temp. n | 
120-250 +5V ~ L,PSO 2mA/100 pA | 
120-250 +5V L,P,SO 2mA/100 pA 
90-200 +5V L,P.SO,TS,VS 2mA/100 pA 
90-150 +5V L,P,SO,TS,VS 2mA/30 pA 
200-300 +3V to+5V L,P,SO 1mA/100 pA Oo a 
200-300 +3V to+5V L,P.SO,TS,VS 1mA/100 pA 9 4 
CMOS SERIAL EPROM o 8. 
2 
Part TP , x. T ratur Oo — 
sana ber a Ske Org. is Gan ae recnage ce: : ® ° 
Yes 36K 1134x32 10 +3V to +5V e roe 
Yes 64K =. 2048x32 10 +3V to +5V > 
Yes 128K 4096x32 10 +3V to +5V 
PACKAGES 
L. = Plastic Leaded Chip Carrier W_~ = Die in Wafer Form TS = Thin Small Outline—8mm x 20mm 
P = Plastic Dual In-Line Package SN = 8-Lead SSmall Outline—150 mil VS = Very Small Outline—8mm x 13.4mm 
S = Die in Waffle Pack SO = Small Outline—300 mil 


* Endurance is guaranteed to 10K cycles at extended (-40°C to +125°C) temperature. 


Note: Not All Combinations Of Speed/Temperature Range/Package/etc. are available. Consult Factory For Specific Part Information. 
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MicROCHIP 








EPROM Cross Reference Guide 








INTRODUCTION 


The purpose of this document is to provide a quick way 
to determine which EPROM parts are mechanical and 
electrical equivalents to Microchip devices. There is 
also a listing of manufacturers part numbering 
schemes to assist in determining the specifications of a 
particular part. The cross reference section is broken 
down by manufacturer and lists all parts from that man- 
ufacturer, and the plug compatible Microchip part num- 
ber. | 


The one exception to plug compatibility listed in this 
cross-reference concerns the 28 pin SOIC package. 
Microchip, along with other manufacturers, make this 
part in a .300" (JEDEC Standard) width. There are 
other manufacturers that produce this device in a .330"° 
(EIAJ Standard) wide package. In many cases, the 
PCB can be laid out to accommodate both versions. 
The devices that are offered in the .330" package ,are 
listed in this reference with an asterisk. 





Microchip provides a wide selection of EPROM 
devices, both from a density and a packaging stand- 
point. If you are interested in a part that is not listed in 
this book, please refer to the Microchip data book, or 
contact your local distributor or sales representative for 
assistance. 


Legend: 
AMD® Advanced Micro Devices 


Atmel® Atmel Corporation 


Hitachi® Hitachi Corporation 


Intel® Intel Corporation 


National Semiconductor 
Corporation 


SGS ST® SGS-Thomson 
Til. Texas Instruments 
Toshiba® Toshiba Corporation 


National® 


The information contained in this publication regarding com- 
petitor devices was obtained from the respective EPROM 
manufacturer’s latest available published technical informa- 
tion and may be subject to updates. 

AMD is a registered trademark of Advanced Micro Devices. 
Atmel is a registered trademark of Atmel Corporation. 
Hitachi is a registered trademark of Hitachi Corporation. 
Intel is a registered trademark of Intel Corporation. 

National and National Semiconductor are registered trade- 
marks of National Semiconductor Corporation. 

ST is a registered trademark of SGS-Thomson. 

Toshiba is a registered trademark of Toshiba Corporation. 

All other trademarks mentioned herein are property of their 
respective companies. 


© 1998 Microchip Technology Inc. 
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1.0 CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE 


COMPETITION 


AMD Part Number Description Microchip Part Number 


Am27C64-120JC 
Am27C64-120PC 
Am27C64-150JC 
Am27C64-150PC 
Am27C64-200JC 
Am27C64-200PC 
Am27C64-250JC 
Am27C64-250PC 
Am27C64-150uI 
Am27C64-150P! 
Am27C64-200JI 
Am27C64-200PI 
Am27C64-250JI 
Am27C64-250PI 
Am27C128-120JC 
Am27C128-120PC 
Am27C128-150JC 
Am27C128-150PC 
Am27C128-200JC 
Am27C128-200PC 

| Am27C128-250J5C 
Am27C128-250PC 
Am27C128-150JI 
Am27C128-150PI 
Am27C128-200JI 
Am27C128-200PI 
Am27C128-250uJI 
Am27C128-250P! 
Am27C256-90LC 

| Am27C256-90JC 
Am27C256-90PC 
Am27C256-100JC 
Am27C256-100PC 


OTP 64K EPROM,120NS 
OTP 64K EPROM,120NS 
OTP 64K EPROM,150NS 
OTP 64K EPROM,150NS 
OTP 64K EPROM,200NS 
OTP 64K EPROM,200NS 
OTP 64K EPROM,250NS 
OTP 64K EPROM,250NS 
OTP 64K EPROM,150NS,IND 
OTP 64K EPROM, 150NS,IND 
OTP 64K EPROM,200NS,IND 
OTP 64K EPROM,200NS,IND 
OTP 64K EPROM,250NS,IND 
OTP 64K EPROM,250NS,IND 
OTP 128K EPROM, 120NS 
OTP 128K EPROM,120NS 
OTP 128K EPROM, 150NS 
OTP 128K EPROM,150NS 
OTP 128K EPROM,200NS 
OTP 128K EPROM,200NS 


| OTP 128K EPROM,250NS 


OTP 128K EPROM,250NS 
OTP 128K EPROM,150NS, IND 


OTP 128K EPROM,150NS,IND 


OTP 128K EPROM,200NS,|IND 
OTP 128K EPROM,200NS,iND 
OTP 128K EPROM,250NS,IND 
OTP 128K EPROM,250NS,/IND 
OTP 256K EPROM,90NS 

OTP 256K EPROM,90NS 

OTP 256K EPROM,90NS 

OTP 256K EPROM, 100NS 
OTP 256K EPROM, 100NS 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 


PLCC 32 


| PDIP 28 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 


| PLCC 32 


PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
SOIC 28 
PLCC 32 
PDIP 28 





27C64-12/. 
27C64-12/P 
27C64-15/. 
27C64-15/P 
27C64-20/L 
27C64-20/P 
27C64-25/L 
27C64-25/P 
27C64-15UL 
27C64-15P 
27C64-20UL 
27C64-20UP 
27C64-25UL 
27064-25UP 
270128-12/L 
270128-12/P 
27C128-15/L 
270128-15/P 
27C128-20/L 
27C128-20/P 
27C128-25/L 
270128-25/P 
270128-15VL 
27C128-15UP 
270128-20UL 
270128-20UP 
270128-25UL 
270128-25YP 
27C256-90/L 
270256-90/P 
270256-90/SO 
27C256-10/L 
27C256-10/P 
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| Am27C256-120JC 
Am27C256-120PC 
Am27C256-150JC 
Am27C256-150PC 


Am27C256-200JC 
| Am27C256-200PC 
Am27C256-100J! 
Am27C256-100P! 
Am27C256-120JI 
Am27C256-120PI 
Am27C256-150JI 
Am27C256-150P! 
Am27C256-200J! 
Am27C256-200PI 
Am27C512-90JC 
Am27C512-90PC 
Am27C512-120JC 
Am27C512-120PC 
| Am27C512-150JC 
Am27C512-150PC 
Am27C512-200JC 
Am27C512-200PC 
Am27C512-120JI 
Am27C512-120PI 
Am27C512-150JI 
Am27C512-150PI 
Am27C512-200JI 
Am27C512-200PI 
Am27C512-90JC 
Am27C512-90PC 
Am27C512-120JC 
Am27C512-120PC 
Am27C512-150JC 
Am27C512-150PC 
Am27C512-200JC 


Ra a PS ae Sas gr ne A aT a a Dc a De SP RS CE SOU AD Se ee Pe ER TS 
© 1998 Microchip Technology Inc. 


OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 


| OTP 256K EPROM,150NS 


OTP 256K EPROM,150NS 


OTP 256K EPROM,200NS 


| OTP 256K EPROM,200NS 


OTP 256K EPROM,100NS,IND 
OTP 256K EPROM,100NS,IND 
OTP 256K EPROM,120NS,IND 
OTP 256K EPROM, 120NS,IND 
OTP 256K EPROM,150NS,IND 
OTP 256K EPROM, 150NS,IND 
OTP 256K EPROM,200NS,IND 
OTP 256K EPROM,200NS,IND 
OTP 512K EPROM,90NS 

OTP 512K EPROM,S0NS 


| OTP 512K EPROM,120NS 


OTP 512K EPROM,120NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,120NS,IND 
OTP 512K EPROM,120NS,IND 
OTP 512K EPROM,150NS,IND 
OTP 512K EPROM,150NS,IND 
OTP 512K EPROM,200NS,IND 
OTP 512K EPROM,200NS,IND 
OTP 512K EPROM,9S0NS 

OTP 512K EPROM,9S0ONS 

OTP 512K EPROM,120NS 
OTP 512K EPROM,120NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM,200NS 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 


PLCC 32 


PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 


27C256-12/L 
270256-12/P 
27C256-15/L 
27C256-15/P 


270256-20/L 
27C256-20/P 
27C256-10U. 
270256-10UP 
27C256-12U. 
27C256-12UP 
27C256-15UL 
270256-15UP 
27C256-20U. 
27C0256-20UP 
270512A-90/L 
270512A-90/P 
270512A-12/L 
27C512A-12/P 
27C512A-15/L 
27C512A-15/P 
27C512A-20/L 
27051 2A-20/P 
27C512A-121/. 
27C512A-12UP 
27C512A-15UL 
270512A-15UP 
27C512A-20U. 
27C512A-20UP 
27051 2A-90/L. 
27C512A-90/P 
27C0512A-12/L 
270512A-12/P 
27C512A-15/L 
27C512A-15/P 
27C512A-20/L. 
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AMD Part Number Description (a ae isle a alto Part Number 
vam27C512-200PC OOS OTP 512K OTP SI2KEPROM,200NS=—~=CS=~*S 200NS ppIP28.22~S*«<C«STCSAQOP 28 27C512A-20/P 


Atmel Part. Number Description Microchip Part Number | 


















AT27C256R-90JC 
AT27C256R-90PC 
AT27C256R-90RC* 
AT27C256R-90TC 
AT27C256R-12JNC 
AT27C256R-12PC 
AT27C256R-12RC* 
AT27C256R-12TC 
AT27C256R-1 5JC 
AT27C256R-1 5PC 
AT27C256R-1 5RC* 
AT27C256R-15TC 
AT27C256R-20JC 
AT27C256R-20PC 
AT27C256R-20RC* 
AT27C256R-20TC 
AT27C256R-1 2Ji 
AT27C256R-1 2P! 
AT27C256R-12Ri* 

| AT27C256R-15ul 
AT27C256R-1 5PI 
AT27C256R-1 5Ri* 
AT27C256R-20Ji 
AT27C256R-20PI 
AT27C256R-20RI* 
AT27C512R-90JNC 
AT27C512R-90PC 


AT27C512R-90RC*. 


AT27C512R-90TC 
| AT27C512R-12JC 
AT27C512R-12PC 
AT270512R-12RC* 
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| OTP 256K EPROM,90NS 


OTP 256K EPROM,90NS 

OTP 256K EPROM,90NS 

OTP 256K EPROM,90NS 

OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,150NS 
OTP 256K EPROM,150NS 
OTP 256K EPROM,150NS 
OTP 256K EPROM,150NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 


OTP 256K EPROM,120NS,IND 


OTP 256K EPROM,120NS,IND 
OTP 256K EPROM,120NS,IND 
OTP 256K EPROM,150NS,IND 
OTP 256K EPROM,150NS,IND 
OTP 256K EPROM,150NS,!ND 
OTP 256K EPROM,200NS,IND 
OTP 256K EPROM,200NS,IND 
OTP 256K EPROM,200NS,IND 


| OTP 512K EPROM,90NS 


OTP 512K EPROM,90NS 
OTP 512K EPROM,90NS 
OTP 512K EPROM,90NS 
OTP 512K EPROM,120NS 
OTP 512K EPROM,120NS 
OTP 512K EPROM,120NS 


PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
PLCC 32 
PDIP 28 
SOIC 28 
PLCC 32 
PDIP 28 
SOIC 28 
PLCC 32 
PDIP 28 
SOIC 28 


PLCC 32 _ 


PDIP 28 
SOIC 28 
VSOP 28 
PLCC 32 
PDIP 28 
SOIC 28 


27C256-90/L 
270256-90/P 
27C256-90/SO 
270256-90/VS 
270256-12/L 
270256-12/P 
270256-12/SO 
27C256-12/VS 
270256-15/L 
270256-15/P 
27C256-15/SO 
27C256-15/VS 
27C256-20/L 
270256-20/P 
270256-20/SO 
270256-20/VS 
270256-12/. 
270256-12UP 
270256-12/SO 
27256-1511. 
270256-15UP 
270256-15/SO 
270256-20U/L 
270256-20U/P 
27C256-20/SO 
27051 2A-90/L 
270512A-90/P 
270512A-90/SO 
270512A-90/VS 
270512A-12/L 
270512A-12/P 


27C0512A-12/SO 





Atmel Part Number 


AT27C512R-12TC 


| AT27C512R-15J5C 


AT27C512R-15PC 
AT27C512R-15RC* 
AT27C512R-15TC 
AT27C512R-20JC 
AT27C512R-20PC 


AT27C512R-20RC* 


| AT27LV256R-20JC 


| AT27LV256R-20PC 


AT27LV256R-20RC* 


AT27LV256R-20TC 


OTP 512K EPROM,120NS 


| OTP 512K EPROM, 150NS 


OTP 512K EPROM,150NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 


OTP 512K EPROM,200NS 


OTP 256K EPROM, 3V,200NS 
OTP 256K EPROM, 3V,200NS 
OTP 256K EPROM,3V,200NS 


OTP 256K EPROM, 3V,200NS 


VSOP 28 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 


| PLCC 32 


PDIP 28 
SOIC 28 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 


EPROM 
es ee 


27C512A-12/VS 
27C512A-15/L 
27C512A-15/P 
27C512A-15/SO 
270512A-15/VS 
27C512A-20/.. 
27C512A-20/P 
27C512A-20/SO 
27LV256-20/L 
27LV256-20/P 
27LV256-20/SO 
27LV256-20/VS 
27LV256-25/L 


AT27LV256R-25JC OTP 256K EPROM, 3V,250NS PLCC 32 


AT27LV256R-25PC | OTP 256K EPROM,3V,250NS PDIP 28 27LV256-25/P 


AT27LV256R-25RC* | OTP 256K EPROM,3V,250NS SOIC 28 27LV256-25/SO 


Q0UdJ3JaY SSOID — 
UO!}Ia|aS JONPOd 


AT27LV256R-25TC OTP 256K EPROM,3V,250NS VSOP 28 27LV256-25/VS 


Hitachi Part Number Description Microchip Part Number 


HN27C256HP-10 OTP 256K EPROM,100NS PDIP 28 27C256-10/P 


HN27C256FP-10T* OTP 256K EPROM,100NS SOIC 28 27C256-10/SO 


HN27C256FP-25T/-30T" | OTP 256K EPROM,200NS SOIC 28 27C256-20/SO 


HN27512G-25/-30 UV 512K EPROM,200NS CERDIP 28 270512-20/J 


HN27512P-25/-30 270512-20/P 


Nationai Part Number Description Microchip Part Number 


NM27C64N150 OTP 64K EPROM,150NS PDIP 28 27C64-15/P 


OTP 512K EPROM,200NS PDIP 28 


NM27C64N200 OTP 64K EPROM,200NS PDIP 28 27C64-20/P 


NM27C64NE1 50 OTP 64K EPROM,150NS,IND PDIP 28 27C64-15/P 


NM27C128N1 50 
NM27C128N200 
NM27C128NE150 
NM27C256V100 
NM27C256N1 00 
NM27C256V120 
NM27C256N1 20 
NM27C256V150 


OTP 128K EPROM,120NS 
OTP 128K EPROM,200NS 


OTP 128K EPROM,150NS,IND 


OTP 256K EPROM,100NS 


OTP 256K EPROM,100NS 


OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,150NS 


PDIP 28 


PDIP 28 


PDIP 28 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 


27C0128-12/P 
27C128-20/P 
270128-15UP 
27C256-10/L. 
27C256-10/P 
27C256-12/L 
27C256-12/P 
27C256-15/L 
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National Part Number Description Microchip Part Number 


| PDIP 28 


PNM27C256N150.—2—~OSOS™ 
NM27C256V200 
NM27C256N200 
NM27C256VE 100 
NM27C256NE100 
NM27C256VE120 
NM27C256NE120 
NM27C256VE150 
NM27C256NE150 
NM27C256VE200 
NM27C256NE200 
NM27C512V1 20 
NM27C512N120 
NM27C512V150 
NM27C512N150 
NM27C512V200 
NM27C512N200 
NM27C512VE120 
NM27C512NE120 
NM27C512VE150 
NM27C512NE150 © 
NM27C512VE200 
NM27C512NE200 
NM27C512V120 

'NM27C512N120 
NM27C512V150 
NM27C512N150 
NM27C512V200 


NM27C512N200 


SGS Part Number 


M27C64A-15C1 
M27C64A-15C1TR 
M27C64A-20C1 
M27C64A-20C1TR 
M27C64A-25C1 
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OTP 256KEPROM,150NS-StS~™S 256K EPROM, 150NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM, 100NS,IND 
OTP 256K EPROM, 100NS,IND 
OTP 256K EPROM, 120NS,IND 
OTP 256K EPROM, 120NS,IND 
OTP 256K EPROM,150NS,IND 
OTP 256K EPROM,150NS,!IND 
OTP 256K EPROM,200NS,IND 
OTP 256K EPROM,200NS, IND 
OTP 512K EPROM, 120NS 
OTP 512K EPROM,120NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,120NS,IND 
OTP 512K EPROM, 120NS,iND 
OTP 512K EPROM,150NS,IND 
OTP 512K EPROM, 150NS,IND 
OTP 512K EPROM,200NS,IND 


OTP 512K EPROM,200NS,IND 


OTP 512K EPROM,120NS 
OTP 512K EPROM,120NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM,200NS 


OTP 512K EPROM,200NS 


_ Description Microchip Part Number 


PLCC 32 


OTP 64K EPROM,150NS 
OTP 64K EPROM,150NS 
OTP 64K EPROM,200NS 
OTP 64K EPROM,200NS 
OTP 64K EPROM,250NS 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 


PDIP 28 


PLCC 32 


PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 


PDIP 28 


PLCC 32 
PLCC 32 
PLCC 32 
PLCC 32 


270256-15/P 
27C256-20/L 
27C256-20/P 
27C256-10VL 
27C256-10VP 
27C256-12VL 
27C256-12P 
27C256-15VL 
27C256-15UP 
27C256-20VL 
27C256-20P 
270512-12/L 
270512-12/P 
270512-15/L 
27C512-15/P 
27C512-20/L 
27C512-20/P 
27C512-12VL 
27C512-12P 
27C512-15VL. 
27C512-15UP 
27C512-20UL 
27C512-20UP 
27C512A-12/L 
27C512A-12/P 
27C512A-15/L 
27C512A-15/P 
27C512A-20/L 


27C512A-20/P 


27C64-15/L 
27C64T-15/L 
27C64-20/L 
27C64T-20/L 
27C64-25/L 
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SGS Part Number Description Microchip Part Number 


M27C64A-25C1TR 
M27C64A-15C6 
M27C64A-15C6TR 
M27C64A-20C6 
M27C64A-20C6TR 
M27C64A-25C6 


OTP 64K EPROM,250NS 

| OTP 64K EPROM,150NS,IND 
OTP 64K EPROM, 150NS,iIND 
OTP 64K EPROM,200NS,IND 
OTP 64K EPROM,200NS,IND 


OTP 64K EPROM,250NS,IND 


| M27C64A-25C6TR 
M27C128A-12C1 
M27C128A-15C1 
M27C128A-20C1 

| M27C128A-15C6 
M27C128A-20C6 
M27C256B-90C1 
M27C256B-90B1 
M27C256B-90C1 
M27C256B-10C1 
M27C256B-10B1 
M27C256B-10N1 
M27C256B-10C1 
M27C256B-12C1 
M27C256B-12B1 
M27C256B-12M1* 
M27C256B-12N1 
M27C256B-12C1 
M27C256B-15C1 
M27C256B-15B1 
M27C256B-15M1* 

| M27C256B-15N1 
M27C256B-15C1 
M27C256B-20C1 
M27C256B-20B1 
M27C256B-20M1* 
M27C256B-20C1 
M27C256B-10C6 
M27C256B-10B6 
M27C256B-10C6 
M27C256B-12C6 
M27C256B-12B6 
M27C256B-12C6 
M27C256B-15C6 


| OTP 64K EPROM,250NS, IND 
OTP 128K EPROM,120NS 
OTP 128K EPROM,150NS 
OTP 128K EPROM,200NS 
OTP 128K EPROM,150NS,IND 
OTP 128K EPROM,200NS,IND 
OTP 256K EPROM,90NS 
OTP 256K EPROM,90NS 
OTP 256K EPROM,90NS 
OTP 256K EPROM,100NS 
OTP 256K EPROM,100NS 
OTP 256K EPROM,100NS 
OTP 256K EPROM,100NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 

| OTP 256K EPROM,150NS 
OTP 256K EPROM,150NS 
OTP 256K EPROM,150NS 
OTP 256K EPROM,150NS 

| OTP 256K EPROM,150NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,100NS,IND 
OTP 256K EPROM,100NS,IND 
OTP 256K EPROM,100NS,IND 
OTP 256K EPROM,120NS,IND 
OTP 256K EPROM,120NS,IND 
OTP 256K EPROM,120NS,IND 
OTP 256K EPROM,150NS,IND 
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PLCC 32 
PLCC 32 
PLCC 32 
PLCC 32 
PLCC 32 
PLCC 32 


| PLCC 32 


PLCC 32 
PLCC 32 
PLCC 32 
PLCC 32 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
VSOP 28 
PLCC 32 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
PLCC 32 
PLCC 32 
PDIP 28 
SOIC 28 
VSOP 28 
PLCC 32 
PLCC 32 
PDIP 28 
SOIC 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 


EPROM 


27C64T- 25/L. 
27C64-15VL. 
27C64T-15V/L 
27C64-20UL 
27C64T-20UL 
27C64-25VL 
27C64T-25UL. 
27C0128-12/L 
27C0128-15/L 
27C0128-20/L 
27C128-15VL 
27C0128-20UL. 
27C256-90/L 
27C256-90/P 
27C256T-90/L 
27C256-10/L. 
27C256-10/P 
27C256-10/VS 
27C256T-10/L 
27C256-12/L 
27C256-12/P 
27C256-12/SO 
27C256-12/VS 
27C256T-12/L 
27C256-15/L 
27C256-15/P 
27C256-15/SO 
27C256-15/VS 
27C256T-15/L 
27C256-20/L 
27C256-20/P 
27C256-20/SO 
27C256T-20/L. 
27C256-101/L. 
27C256-10U/P 
27C256T-10VL 
27C 256-12 
27C256-12UP 
27C256T-12VL 
27C256-15/L 





OF 
98 
a 
® 96 
ms Neos 
ow 
os 
o 

5° 
a ot 
8 9 








EPROM 








SGS Part Number : Description Microchip Part Number 


M27C256B-15B6 
M27C256B-15C6 
M27C256B-20C6 
M27C256B-20B6 
M27C256B-20C6 
M27C512-90C1 
M27C512-90B1 
M27C512-90C1 
M27C512-10C1 
M27C512-10B1 
M27C512-10C1 

| M27C512-12C1 
M27C512-12B1 
M27C512-12C1 
M27C512-15C1 
M27C512-15B1 
M27C512-15C1 
M27C512-20C1 
M27C512-20B1 
M27C512-20C1 
M27C512-10C6 
M27C512-10B6 
M27C512-10C6 
M27C512-12C6 


M27C512-12B6 


M27C512-12C6 
M27CS12-15C6 
M27C512-15B6 
M27C512-15C6 
M27C512-20C6 
M27C512-20B6 
M27C512-20C6 
M27C512-90C1 
M27C512-90B1 
M27C512-90C1 
M27C512-12C1 
M27C512-12B1 
M27C512-12C1 
M27C512-15C1 
M27C512-15B1 
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OTP 256K EPROM, 150NS, IND 
OTP 256K EPROM, 150NS,IND 
OTP 256K EPROM,200NS, IND 
OTP 256K EPROM,200NS, IND 
OTP 256K EPROM,200NS, IND 
OTP 512K EPROM,90NS 

OTP 512K EPROM,90NS 

OTP 512K EPROM,90NS 

OTP 512K EPROM,100NS 
OTP 512K EPROM,100NS 
OTP 512K EPROM, 100NS 
OTP 512K EPROM,120NS 
OTP 512K EPROM, 120NS 
OTP 512K EPROM,120NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM, 100NS,IND 
OTP 512K EPROM,100NS, IND 
OTP 512K EPROM, 1 OONS,IND 
OTP 512K EPROM, 120NS,IND 


| OTP 512K EPROM, 120NS, IND 


OTP 512K EPROM,120NS, IND 
OTP 512K EPROM, 150NS, IND 
OTP 512K EPROM,150NS, IND 
OTP 512K EPROM, 150NS,IND 
OTP 512K EPROM,200NS, IND 
OTP 512K EPROM,200NS, IND 
OTP 512K EPROM,200NS, IND 
OTP 512K EPROM,90NS 

OTP 512K EPROM,90NS 

OTP 512K EPROM,SONS 

OTP 512K EPROM, 120NS 


| OTP 512K EPROM,120NS 


OTP 512K EPROM,120NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM, 150NS 


PDIP 28 
PLCC 32 


PLCC 32 © 


PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 


| PDIP 28 


PLCC 32 
PLCC 32 
PDIP 28 

PLCC 32 
PLCC 32 
PDIP 28 

PLCC 32 
PLCC 32 
PDIP 28 

PLCC 32 
PLCC 32 


PDIP 28 


PLCC 32 
PLCC 32 
PDIP 28 


27C256-150/P 
27C256T-15UL 
27C256-20UL 
270256-20UP 
27C256T-20UL 
270512-90/L 
270512-90/P 
27C512T-90/. 
270512-10/L 
270512-10/P 
27C512T-10/. 
270512A-12/L 
27C512A-12/P 
27C512AT-12/L 
27C512A-15/L 
270512A-15/P 
27C512AT-15/L 
27C512A-20/L 
270512A-20/P 
270512AT-20/L 
270512A-10UL 
27C512A-10UP 
27C0512AT-10UL 
270512A-120/L 
270512A-12U/P 
270512AT-12UL 
27C512A-15V/L 
270512A-15UP 
27C512AT-15V/L 
27C512A-20UL 
270512A-20UP 
27C512AT-20U/L 
270512A-90/L 
27C512A-90/P 
27C512AT-90/L 
27C512A-12/L 
270512A-12/P 
27C512AT-12/L 
270512A-15/L 
270512A-15/P 





EPROM 


Microchip Part Number 


SGS Part Number Description 


M27C512-15C1 OTP 512K EPROM,150NS PLCC 32 27C512AT-15/L 


M27C512-20C1 
M27C512-20B1 

M27C512-20C1 

N27C256-120V10Q 
P27C0256-120V100 
| N27C256-150V100 
P27C256-150V10Q 
N27C256-200V100 
P27C256-200V10Q 


| N27C256-120V10T 
P27C256-120V10T 
N27C256-150V10T 
P27C256-150V10T 
N27C256-200V10T 
P27C256-200V10T 


Ti Part Number Description Microchip Part Number 


TMS27PC128-12FML 
TMS27PC128-12NL 
TMS27PC128-15FML 
TMS27PC128-15NL 
TMS27PC1 28-20FML 
TMS27PC128-20NL 
TMS27PC128-25FML 


TMS27PC128-25NL 
TMS27PC1 28-15FME 
TMS27PC1 28-15NE 
TMS27PC128-20FME 
TMS27PC1 28-20NE 
TMS27PC128-25FME 
TMS27PC1 28-25NE 
TMS27PC256-10FML 
TMS27PC256-10NL 
TMS27PC256-12FML 
TMS27PC256-12NL 
TMS27PC256-15FML 


i a a a 
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OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 


OTP 512K EPROM,200NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM.150NS 
OTP 256K EPROM,150NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 


OTP 256K EPROM,120NS,IND 
OTP 256K EPROM,120NS,IND 
OTP 256K EPROM,150NS,IND 
OTP 256K EPROM,150NS,|IND 
OTP 256K EPROM,200NS,|IND 


| OTP 256K EPROM,200NS,|IND 


OTP 128K EPROM,120NS 
OTP 128K EPROM,120NS 
OTP 128K EPROM,150NS 
OTP 128K EPROM,150NS 
OTP 128K EPROM,200NS 
OTP 128K EPROM,200NS 
OTP 128K EPROM,250NS 


OTP 128K EPROM,250NS 
OTP 128K EPROM,150NS,IND 
OTP 128K EPROM,150NS,IND 
OTP 128K EPROM,200NS,IND | 
OTP 128K EPROM,200NS,IND 
OTP 128K EPROM,250NS,IND 
OTP 128K EPROM,250NS,IND 
OTP 256K EPROM,100NS 
OTP 256K EPROM,100NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,120NS 
OTP 256K EPROM,150NS 
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PLCC 32 
PDIP 28 
PLCC 32 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 


PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 


27C512A-20/. 
27C512A-20/P 


27C512AT-20/.. 


27C256-12/L 
27C256-12/P 
27C256-15/L 
27C256-15/P 
27C256-20/1. 
27C256-20/P 


27C256-12UL 
27C256-12UP 
27C256-15VL 
27C256-15U/P 
27C256-20V/L. 
27C256-20UP 


270128-12/L 
27C128-12/P 
270128-15/L. 
27C128-15/P 
270128-20/L 
27C0128-20/P 
270128-25/L 


27C128-25/P 
27C128-151/. 
270128-15U/P 
270128-20UL. 
270128-20UP 
270128-25VL 
270128-25UP 
270256-10/L 
270256-10/P 
270256-12/L 
270256-12/P 
270256-15/L 


a0udIajaY SSOID 
UOI]DB]aS JONpOld 








TMS27PC256-15NL 
TMS27PC256-20F ML 
TMS27PC256-20NL 
TMS27PC256-10FME 
TMS27PC256-10NE 
TMS27PC256-12FME 
TMS27PC256-12NE 
TMS27PC256-15FME 
TMS27PC256-15NE 
TMS27PC256-20FME 
TMS27PC256-20NE 
TMS27PC512-10FML 
TMS27PC512-10NL 
TMS27PC512-12FML 
TMS27PC512-12NL 
TMS27PC512-15FML 
TMS27PC512-15NL 
TMS27PC512-20FML 
TMS27PC512-20NL 
TMS27PC512-10FME 
TMS27PC512-10NE 
TMS27PC512-12FME 


| TMS27PC512-12NE 


TMS27PC512-15FME 
TMS27PC512-15NE 


| TMS27PC512-20FME 


TMS27PC512-20NE 
TMS27PC512-10FML 
TMS27PC512-10NL 
TMS27PC512-12FML 
TMS27PC512-12NL 


| TMS27PC512-15FML 


TMS27PC512-15NL 
TMS27PC512-20FML 
TMS27PC512-20NL 
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OTP 256K EPROM, 150NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM,200NS 
OTP 256K EPROM, 100NS,IND 
OTP 256K EPROM, 100NS,IND 
OTP 256K EPROM, 120NS,iIND 
OTP 256K EPROM, 120NS,IND 
OTP 256K EPROM, 150NS,IND 
OTP 256K EPROM, 150NS,IND 
OTP 256K EPROM,200NS,IND 
OTP 256K EPROM,200NS,IND 
OTP 512K EPROM,100NS 
OTP 512K EPROM,100NS 
OTP 512K EPROM, 120NS 
OTP 512K EPROM, 120NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,100NS,IND 
OTP 512K EPROM, 100NS,IND 


OTP 512K EPROM,120NS,IND 


OTP 512K EPROM,120NS,IND 
OTP 512K EPROM, 150NS,IND 
OTP 512K EPROM,150NS,/IND 
OTP 512K EPROM,200NS,IND 
OTP 512K EPROM,200NS,IND 
OTP 512K EPROM,90NS 

OTP 512K EPROM,90NS 

OTP 512K EPROM, 120NS 
OTP 512K EPROM,120NS 
OTP 512K EPROM, 150NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 


PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 


| PDIP 28 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 


PDIP 28 . 


PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 
PLCC 32 
PDIP 28 


27C256-15/P 
27C256-20/. 
27C256-20/P 
27C256-10VL 
27C256-10/P 
27C256-12UL 
27C256-12UP 
27C256-15VL 
27C256-15UP 
27C256-20VL 
27C256-20/P 
27C512A-10/L 
27C512A-10/P 
27C512A-12/L 
27C512A-12/P 
27C512A-15/L. 
270512A-15/P 
27C512A-20/L 
27C512A-20/P 
27C512A-10UL 
27C512A-10UP 
27C512A-12/L 
27C512A-12UP 
27C512A-15UL 
27C512A-15UP 
27C512A-20UL 
27C512A-20UP 
27C512A-90/L 
270512A-90/P 
27C512A-12/L 
27C512A-12/P 
27C512A-15/L 


27C512A-15/P_. 


27C0512A-20/L 
27C512A-20/P 
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EPROM 


Toshiba Part Number Description Microchip Part Number . 


TC54256AP-15 
| TC54256AF-20° 
TC54512AP-15 
TC54512AF-15* 
TC54512AP-20 
| T5451 2AF-20* 
TC54512AP-17 
TC54512AP-20 





OTP 256K EPROM, 150NS,IND 
OTP 256K EPROM,150NS,IND 
OTP 512K EPROM, 150NS 
OTP 512K EPROM,150NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM,200NS 
OTP 512K EPROM, 150NS,IND 


OTP 512K EPROM,200NS,IND 


PDIP 28 
SOIC 28 
PDIP 28 
SOIC 28 
PDIP 28 


| Soic 28 


PDIP 28 


PDIP 28 


27C256-15V/P 
27C256-15V/SO 
27C512-15/P 
27C512-15/SO 
27C512-20/P 
27C512-20/SO0 
27C512-15VP 
27C512-20UP 
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FIGURE 1: ADVANCED MICRO DEVICES 
AM27C512 -75 DC B 


| | Blank = Std. Process | 
B = Burn-in 
= Commercial 0°C to +70°C 
= Industrial -40°C to +85°C 
= Extended -55°C to +125°C 
= 28-lead CERDIP 
32-lead Ceramic Leadless LCC 
= 28-lead PDIP 
=  932-lead PLCC 
= 32-lead TSOP 


35 ns - Vcc + 10% 
45 ns - Vcc + 10% 
55 ns - Vcc + 10% 
70 ns - Vcc + 10% 
75 ns - Vcc t 5% 
90 ns - Vcc + 10% 
120 ns - Vcc + 10% 
Part Number. Densi 150 ns - Vcc + 10% 
| C =CMOS = 200ns-Vcc+10% 
' HC =High Speed CMOS_. = 250 ns - Vcc + 10% 
LV = 3.3V Operation (1MB and higher) = 225ns-Vcc+5% 
X = Express ROM (QTP) 





FIGURE 2: ATMEL CORPORATION 


AT27C512R-90 D C . 


Commercial 0°C to +70°C 
Industrial -40°C to +85°C 
Military -55°C to +125°C 


28-lead CERDIP 

32-lead PLCC 

32-lead Window LCC J Lead 
28-lead PDIP 

28-lead .330” SOIC 


32-lead Window LCC 
28-lead VSOP 


55 ns 

70 ns 

90 ns 
C =CMOS = 120ns 
HC = High Speed 150 ns 


LV = 3.3V Operation 200 ns 
250 ns 
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FIGURE 3: HITACHI CORPORATION 
HN27C256A FP -IS | 


Blank = Standard 
T = _ Tape & Reel 
70 = 70ns 
85 = 85ns 
10 = 100ns 
12 = 120ns 
15 = 150ns 
17 = 170ns 
20 = 200ns 
25 = 250ns 
30 = 300ns 
6 = 28-lead CERDIP 
n 


P = 28-lead PDIP 
FF =  .330”SOIC 


FIGURE 4: —_INTEL CORPORATION 
P 27C0256-120V10 Q 


= Commercial 0°C to +70°C, 168 Hr Burn-in 
= Extended -40°C to +85°C i: 
L Extended -40°C to +85°C, 168 Hr Burn-in 
Blank Commercial 0°C to +70°C 

120V10 120 ns, Vcc t+ 10% 

150V10 150 ns, Vcc + 10% 

Part Number, Densit 200V10 = 200ns, Vcc + 10% 

NOTE: V05 indicates Vcc + 5% 


C = CMOS 


Blank CERDIP 
N PLCC 
p PDIP 








LN aE aE Se SS SE As EE ae a a GB a Nic i 
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FIGURE 5: MICROCHIP TECHNOLOGY INCORPORATED 


27C512A -70 | /P 


Temperature 
Range: 


Access 
Time: 


Device: 


| = 
Eo= 


70 = 
90 = 
10 = 
12 = 
15 = 


27C512A 


Plastic Leaded Chip Carrier 

PDIP 

Plastic SOIC 

Thin Small Outline Package(TSOP) 8x20mm 
Very Small Outline Package(VSOP) 8x13.4mm 


0°C to +70°C 
-40°C to +85°C 
-40°C to +125°C 


70 ns 
90 ns 
100 ns 
120 ns 
150 ns 


512K (64K x 8) CMOS EPROM 
T=Tape And Reel 





FIGURE 6: NATIONAL SEMICONDUCTOR CORPORATION 


NM27C512 Q E 120 


Seeseer at 
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100 
120 
150 


Blank 


<ZO0O 


Commercial 0°C to +70°C 
Extended -40°C to +85°C 


CERDIP 
PDIP 
PLCC 


EPROM 








SGS-THOMSON 
M27C256B- 80 X FiL 


Part Number, Density 
C = CMOS 


FIGURE 8: TEXAS INSTRUMENTS 
TMSC512 - 100 J L 4 


FIGURE 7: 


+ 
Dx 


NOW — 


F 
B 
Cc 
M 
N 


Part Number, Density 
C=CMOS 
PL = OTP CMOS 


© 1998 Microchip Technology Inc. 








Low Power 
Additional Burn-in 
Tape & Reel 


0°C to +70°C 
-40°C to +125°C 
-40°C to +85°C 
-40°C to +105°C 


28-lead CERDIP 
28-lead PDIP 
32-lead PLCC 
28-lead .330” SOIC 
32-lead VSOP 


Vcc + 5% 
Vcc + 10% 


80 ns 

90 ns 

100 ns 
120 ns 
150 ns 
200 ns 
250 ns 
300 ns 


Std. Process 
168 Hr Burn-in 


Commercial 0°C to +70°C 
Extended -40°C to +85°C 


28-lead CERDIP 

28-lead PDIP 

32-lead PLCC 

28-lead TSOP 

32-lead Reverse Pin-out TSOP 


100 ns - Vcc + 10% 
120 ns - Vcc + 10% 
150 ns - Vcc + 10% 
170 ns - Voc + 10% 
200 ns - Vcc + 10% 
250 ns - Vcc + 10% 
100 ns - Vcc + 5% 
120 ns - Vcc + 5% 
150 ns - Vcc + 5% 
170 ns - Vcc + 5% 
200 ns - Vcc + 5% 
250 ns - Vcc + 5% 
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FIGURE9: | TOSHIBA CORPORATION 
TC57256A OD -12 








120 ns - Vcc @ + 5% 
120 ns - Vcc @ + 5% 
120 ns - Vcc @ + 10% 
150 ns - Vcc @ + 10% 
200 ns - Vcc @ + 5% 
70 ns - Vcc @ + 5% 
85 ns - Vcc @ + 10% 


H= ae aes CERDIP 
57 = EPROM = PDIP 
54 = OTP PROM .330” SOIC 





DS11178D-page 2-34 © 1998 Microchip Technology inc. 


S 





MicROCHIP 

SECTION 3 
™ 

2c" SERIAL EEPROM PRODUCT 
SPECIFICATIONS 
24AA00 128 Bit 1.8V I2C™ Bus Serial EEPROM .........cccccccccsccssscccscescecececcsceccecescacsaceneeeees 3-1 
24LC00 128 Bit 2.5V I27C™ Bus Serial EEPROM .....ccccccccccccccccscesssecesecesecscscececeseseacseseeees 3-1 
24000 128 Bit 5V I7C™ Bus Serial EEPROM ......cccccccccscscccscscscesescccscscscseseecescecseeceaeacees 3-1 
24C01C 1K 5.0V 12C™ Serial EEPROM ......ccccccccccecesescscecsccscsesceccscscessccscerscsscssaceasseencaceees 3-11 
24AA01 1K 1.8V I2?C™ Serial EEPROM ......cccccccccccccscscsecesescsesscecssececceesceccesececceseececaescnees 3-21 
24LC01B 1K 2.5V I?C™ Serial EEPROM ......cccccccccsccescccscscececcscseeccscscesecesssesceseacaceeeseeseaceees 3-29 
24C01SC 1K 5.0V I2C™ Serial EEPROMs for Smart Cards .......:ccccccsccssssesesescscecececeesececees 3-37 
24LCS61 1K Software Addressable I2C™ Serial EEPROM .........c.cccccccssesscesssesceseseceeceeeeees 3-47 
24AA02 1K 1.8V I2C™ Serial EEPROM .....c.cccccccccccccscscccscscececesecccecsececscssecscsesecacececacaeees 3-21 
24LC02B 2K 2.5V I2C™ Serial EEPROM ........ccccccccsccscsscecescscecescscsceseccececececcacaceccacscseceeseees 3-29 
24C02C 2K 5.0V I2C™ Serial EEPROM ......cccccccccccccccscscssessscseccccscececescsestecacscscecersececeseass 3-61 
24C02SC 2K 5.0V I2C'™ Serial EEPROMs for Smart Cards .......ccccccccccecccececescccseseeseesseceeeee 3-37 
24LCS52 2K 2.5V I2C™" Serial EEPROM with Software Write Protect ............c:c:ccsseceeeeees 3-71 
24LC024 2K 2.5V I2C™ Serial EEPROM ........c.ccccccccccosececcscesecessscessccececeseseccsceccececsecacerenees 3-81 
24LC025 2K 2.5V I?C™ Serial EEPROM ......ccccccccccccscccececsceccscceseccscsceseeesececcesscaceeeseeeacseeees 3-81 
24LCS62 2K Software Addressable I°C™ Serial EEPROM ............cccccsccsececcscesescssecceceeeeces 3-47 
24AA04 AK 1.8V I2C™™ Serial EEPROM ........c.ccccccccccccececescscsssseccscescscccesestcescaceecacsesecacenees 3-91 
24LC04B AK 2.5V I?C™ Serial EEPROM ......c.cccccccceccccccesssesesesescccscececesececesesessseecesceeaceesens 3-99 
24C04A AK 5.0V I2C™ Serial EEPROM .......cccccccscccoseccccsssscssecescesssceccssesesescescaceccaseccenaee 3-107 
24AA08 BK 1.8V I2C™” Serial EEPROM .......c.ccccccccccccececescscssecescssesescscecessccscscsccacseecesnees 3-91 
24LC008B BK 2.5V ICC Serial EEPPOM seiiicseatesecoshacdicecsicsasstsccortesbeiceiiaseaaselereeeons 3-99 
24C08B BK 5.0V I2C™ Serial EEPROM ......ccccccccscccccscscscssescssssssscscsseseceecsescsesessessesseeseees 3-117 
24AA16 16K 1.8V I?7C™ Serial EEPROM ......cccccccccccsccecescseccsccesccesececcecsceeecsecccescacseececeees 3-125 
24C16B 16K 5.0V IFC™ Serial EEPROM .......cccccccccscccscscscccececececcccccececscscssecsececaceceeeacees 3-117 
24LC16B 16K 2.5V I?C™ Serial EEPROM ........cccccccccsscccscescescscsssscescecsececesseacscesseaessesceeees 3-133 
24AA164 16K 1.8V Cascadable I2C™" Serial EEPROM .......c.cccccccccsssssscccscscscecesescssscenscees 3-141 
24LC164 16K 2.5V.Cascadable I2C™ Serial EEPROM .........cccccccccccccssssssscscscsessecececeesees 3-149 
24AA174 16K 1.8V Cascadable I*C"" Serial EEPROM with OTP Security Page ............ 3-157 
24LC174 16K 2.5V Cascadable I2C™ Serial EEPROM with OTP Security Page ............ 3-167 
24AA32A 32K 1.8V I?7C™ Serial EEPROM .......cccccccccccccosssesecsscsescecscssececeseseccacsesceseecaceceres 3-177 
24LC32A 32K 2.5V I2C™ Serial EEPROM ........cccccccccssccscscscesecsccsceceesecsccceseccecsesaceceecaeecees 3-187 
24C32A 32K 5.0V I2C™ Serial EEPROM ......ccccccccccsssscsssssscscscscscscsescscececsescsesseceueeeceacaees 3-197 
24AA32 32K 1.8V I2C™ Smart Serial’ EEPROM ......cccccccccccccscssscscecesecssscscscseeesceeens 3-207 


I?C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technology Inc. 
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24LC32 32K 2.5V I2C™ Smart Serial™” EEPROM .........cccccccccsssssccesecescsesesecccesescecsesceces 3-219 
24C32 32K 5.0V I2C™ Smart Serial EEPROM ..........cccccccccccccscssesescscessesesesescscacececececes 3-231 
24FC32 32K 5.0V 1 MHz I@C™ Smart Serial” EEPROM ............c:cccccccsccccssesesesesesceseeess 3-243 
24AA64 64K 1.8V I27C'™CMOS Serial EEPROM .........cccccccccscccccscesescscscececescesecscscsscecacess 3-255 
24LC64 64K 2.5V I7C'™™CMOS Serial EEPROM .........c.cccccccscccssscecscscecscscsescscsesesesesesecess 3-255 
24AA65 64K 1.8V 12C™ Smart Serial™ EEPROM .........c.cccccccccccscsseccscscsssescesssesssessscseees 3-265 
24LC65 64K 2.5V IC™ Smart Serial” EEPROM .........cccccccccscsesesssesessesssssesesessessseseeees 3-277 
24C65 64K 5.0V I2C™ Smart Serial™” EEPROM ..........ccccccccccsscccssscsscscesesescscessssseseecees 3-289 
24FC65 64K 5.0V 1 MHz I?C™ Smart Serial™ EEPROM ............ccccccccscscsssessesesssesescseess 3-301 
24AA128 128K 1.8V I7C'™CMOS Serial EEPROM ...........c:cccccsccccosescscecssescscscesessecscsceseees 3-313 
24LC128 128K 2.5V I?7C'™™CMOS Serial EEPROM ............cccccccccososessececsssscssscesssssescscscenes 3-313 
24AA256 256K 1.8V I7C™™CMOS Serial EEPROM ..........cceccccccssssesessssscscsescscececscecececsceees 3-323 
24LC256 256K 2.5V I°C' CMOS Serial EEPROM ...........cccccccscssscescecescscscscesssescssscssecsuees 3-323 
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24AA00/24LC00/24C00 





128 Bit 2C™ Bus Serial EEPROM 





DEVICE SELECTION TABLE 


Device | Vcc Range | Temp Range 
24AA00 1.8 - 6.0 


FEATURES 





¢ Low power CMOS technology 
- 500 uA typical active current 
- 250 nA typical standby current 


¢ Organized as 16 bytes x 8 bits 
e 2-wire serial interface bus, I2C™ compatible 
¢ 100 kHz (1.8V) and 400 kHz (5V) compatibility 
¢ Self-timed write cycle (including auto-erase) 
¢ 4ms maximum byte write cycle time 
¢ 1,000,000 erase/write cycles guaranteed 
¢ ESD protection > 4 kV 
¢ Data retention > 200 years 
¢ 8L DIP, SOIC, TSSOP and 5L SOT-23 packages 
¢ Temperature ranges available: 
- Commercial (C): O°C to +70°C 
- Industrial (I): -40°C to +85°C 


- Automotive (E): -40°C to +125°C 


DESCRIPTION 


The Microchip Technology Inc. 24AA00/24LC00/ 
24C00 (24xx00*) is a 128-bit Electrically Erasable 
PROM memory organized as 16 x 8 with a 2-wire serial 
interface. Low voltage design permits operation down 
to 1.8 volts for the 24xx00 version, and every version 
maintains a maximum standby current of only 1 wA and 
typical active current of only 500 yA. This device was 
designed for where a small amount of EEPROM is 
needed for the storage of calibration values, ID num- 
bers or manufacturing information, etc. The 24xx00 is 
available in 8-pin PDIP, 8-pin SOIC (150 mil), 8-pin 
TSSOP and the 5-pin SOT-23 packages. 


I7C is a trademark of Philips Corporation. 








PACKAGE TYPES 
| 8-PIN PDIP/SOIC 


5-PIN SOT-23 


BLOCK DIAGRAM 


EEPROM 
ARRAY 





SENSE AMP 
R/W CONTROL 


*24xx00 is used in this document as a generic part number for the 24AA00/24L.C00/24C00 devices. 
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1.00 ELECTRICAL 


CHARACTERISTICS 

1.1. Maximum Ratings* ; 

OG sel ceoesotetasaale sol amal a ues vceas toss onbepieaesoeteseseesiesaeeaoeds 7.0V 
All inputs and outputs w.r.t. VSS .............. -0.6V to Vcc +1.0V 
Storage temperature ..........c.cecsssseesssesseeeseees -65°C to +150°C 
Ambient temp. with power applied................. -65°C to +125°C 
Soldering temperature of leads (10 seconds)............. +300°C 
ESD protection on all PinS.............ccccsssssccecceesssseeeeeesseseees 4kV 


“Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2 DC CHARACTERISTICS 


All Parameters apply across the recom- 
mended operating ranges unless other- 
wise noted 






























SCL and SDA pins: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmitt trigger inputs 
Low level output voltage 


Input leakage current 
Output leakage current 


Pin capacitance (all inputs/outputs) CIN 
CouT 
Operating current icc Write 
Icc Read 


Standby current 










Tamb = 
Tamb = -40°C to +85°C, Vcc = 1.8V to 6.0V 
Tamb = -40°C to +125°C, Vcc = 4.5V to 5.5V 


[Parmeter | symbot | win _| wax. | unte 


Commercial (C): 
Industrial (I): ° 
Automotive (E) 


TABLE 1-1 PIN FUNCTION TABLE 


wane [Penton 


Ground 
Serial Data 
Serial Clock 

+1.8V to 6.0V (24AA00) 
+2.5V to 6.0V (24LC00) 
+4.5V to 5.5V (24C00) 
No Internal Connection 






















0°C to +70°C, Vcc = 1.8V to 6.0V 


(Note) 
(Note) 
Vcc > 2.5V (Note) 


lol = 3.0 mA, Vcc = 4.5V 
lo. = 2.1 mA, Vcc = 2.5V 




















Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUSTIMING DATA 


TF | 
THD:DAT 


TSU:STA rn ‘i 


TLOW 


THA 
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TABLE 1-3 AC CHARACTERISTICS 


All Parameters apply across all {Commercial (C): §Tamb= 0°C to +70°C, Vcc = 1.8V to 6.0V 


recommended operating ranges | Industrial (I): Tamb = -40°C to +85°C, Vcc = 1.8V to 6.0V 
unless otherwise noted Automotive (E): Tamb = -40°C to +125°C, Vcc = 4.5V to 5.5V 


[Parameter | Symbot| in | wax | unite | Conditions 


Clock frequency FCLK 100 kHz |4.5V <Vcc < 5.5V (E Temp range) 
100 
400 












1.8V <Vcc < 4.5V 





4.5V <Vcc < 6.0V 

Clock high time THIGH 4000 4.5V <Vcc < 5.5V (E Temp range) 
4000 1.8V sVcc < 4.5V 
600 4.5V <Vcc < 6.0V 


Clock low time TLOW 4700 4.5V <Vcc < 5.5V (E Temp range) 
4700 1.8V <Vec < 4.5V 
1300 4.5V <Vcc < 6.0V 

SDA and SCL rise time TR 1000 4.5V <Vcc < 5.5V (E Temp range) 
1000 1.8V <Vecc < 4.5V 
300 4.5V <Vcc < 6.0V 


| (Note 1) 
SDAandSCLfalltime ss | TF =| ~— | 300 |_ ns (Nolet) 


START condition hold time THD:STA | 4000 4.5V <Vcc < 5.5V (E Temp range) 
4000 
600 


1.8V <Vcc < 4.5V 

4.5V <Vcc < 6.0V 
START condition setup time TSU:STA | 4700 4.5V <Vcc < 5.5V (E Temp range) 
4700 1.8V <Vcc < 4.5V 
600 4.5V <Vcc < 6.0V 


Data input hold time THD:DAT | — | ons | (Note 2) 


Data input setup time TSU:DAT 250 4.5V <Vcc < 5.5V (E Temp range) 
250 1.8V <Vcc < 4.5V 
100 4.5V <Vcc < 6.0V 


Tsu:sto | 4000 4.5V <Vcc < 5.5V (E Temp range) 
4000 1.8V <Vcc < 4.5V 
600 4.5V <Vcc < 6.0V 


4.5V <Vecc < 5.5V (E Temp range) 
1.8V <Vcc < 4.5V 
4.5V <Vcc < 6.0V 

















STOP condition setup time 





: 


Output valid from clock 
(Note 2) 








Bus free time: Time the bus must TBUF 
be free before a new transmis- 


sion can start | 
Output fall time from VIH 
minimum to Vit maximum 

Input filter spike suppression 
(SDA and SCL pins) 


4.5V <Vcc < 5.5V (E Temp range) 
1.8V <Vecc < 4.5V 






4.5V <Vcc < 6.0V 


20+0.1 | 250 (Note 1), CB < 100 pF 
CB 


Write cycle time T ee] 
| 1M_| —_ | cycles |25°C, Voc = 5.0V, Block Mode (Note 4) 


Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 

2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise spike suppression. This eliminates the need for a Tl specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on Microchip’s BBS or web- 
site. 


TOF 
TSP 
WC 
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2.0 PIN DESCRIPTIONS 
2.1. SDA Serial Data 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


2.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


2.3 Noise Protection 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


3.0 FUNCTIONAL DESCRIPTION 


The 24xx00 supports a bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as a transmitter, and a device 
receiving data as a receiver. The bus has to be con- 
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions, while the 24xx00 
works as slave. Both master and slave can operate as 
transmitter or receiver, but the master device deter- 
mines which mode is activated. 


4.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

e Data transfer may be initiated only when the bus 
is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 4-1). 


4.1 Bus not Busy (A 


Both data and clock lines remain HIGH. 


4.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


0.1 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


4.3 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one bit of data per 
clock pulse. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


A A EL ST LE EE I EF oT SET DED ST oO ETI SEE ILENE LD LP SS IS IO SE EEG EI CE TSE RICE I IES EE POT I IT EE EE EE EE SA EE EE TEI EO ISTO 
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4.4 Acknowledge | The device that acknowledges has to pull down the 

SDA line during the acknowledge clock pulse in such a 
Each receiving device, when addressed, is obliged to way that the SDA line is stable LOW during the HIGH 
generate an acknowledge after the reception of each period of the acknowledge related clock pulse. Of 
byte. The master device must generate an extra clock course, setup and hold times must be taken into 
pulse which is associated with this acknowledge bit. account. A master must signal an end of data to the 


slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition (Figure 4- 
2). 





FIGURE 4-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


iy xxx xxx \/ 
XK KKK KX 
CM 


a’ 
START ADDRESS OR DATA STOP 
CONDITION ACKNOWLEDGE ALLOWED CONDITION 

VALID TO CHANGE 





FIGURE 4-2: |. ACKNOWLEDGE TIMING 


Acknowledge 
Bit 


~ (Data from transmi V/ Data from transmitter RS 


~ SS 
< ASN ee 


Transmitter must release the SDA line at this point | | Receiver must release the SDA line at this point 
allowing the Receiver to pull the SDA line low to so the Transmitter can continue sending data. 


acknowledge the previous eight bits of data. 
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5.0 DEVICE ADDRESSING 


After generating a START condition, the bus master 
transmits a control byte consisting of a slave address 
and a Read/Write bit that indicates what type of opera- 





tion is to be performed. The slave address for the 


24xx00 consists of a 4-bit device code (1010) followed 
by three don't care bits. 


The last bit of the control byte determines the operation 
to be performed. When set to a one a read operation is 
selected, and when set to a zero a write operation is 
selected. (Figure 5-1). The 24xx00 monitors the bus for 
its corresponding slave address all the time. It gener- 
ates an acknowledge bit if the slave address was true 
and it is not in a programming mode. 


FIGURE 5-1: CONTROL BYTE FORMAT 
Read/Write Bit 


Device Select Don’t Care 
Bits Bits 


Slave Address 


Start Bit Acknowledge Bit 





6.0 WRITE OPERATIONS 
6.1 Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the R/W 
bit (which is a logic low) are placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24xx00. Only the 
lower four address bits are used by the device, and the 
upper four bits are don’t cares. The 24xx00 will 
acknowledge the address byte and the master device 
will then transmit the data word to be written into the 
addressed memory location. The 24xx00 acknowl- 
edges again and the master generates a stop condi- 
tion. This initiates the internal write cycle, and during 
this time the 24xx00 will not generate acknowledge sig- 
nals (Figure 7-2). After a byte write command, the inter- 
nal address counter will not be incremented and will 
point to the same address location that was just written. 
If a stop bit is transmitted to the device at any point in 
the write command sequence before the entire 
sequence is complete, then the command will abort 
and no data will be written. If more than 8 data bits are 
transmitted before the stop bit is sent, then the device 
will clear the previously loaded byte and begin loading 
the data buffer again. If more than one data byte is 
transmitted to the device and a stop bit is sent before a 
full eight data bits have been transmitted, then the write 
command will abort and no data will be written. The 
24xx00 employs a Vcc threshold detector circuit which 
disables the internal erase/write logic if the Vcc is 
below 1.5V (24AA00 and 24LC00) or 3.8V (24C00) at 
nominal conditions. 
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7.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If no 
ACK is returned, then the start bit and control byte must 
be re-sent. If the cycle is complete, then the device will 
return the ACK and the master can then proceed with 
the next read or write command. See Figure 7-1 for 
flow diagram. 


FIGURE 7-2: BYTE WRITE 


S 


, CONTROL 


BYTE 


BUS ACTIVITY 
MASTER 


SDA LINE 


1S 
A 


BUS ACTIVITY 


X = Don't Care Bit 





FIGURE 7-1: ACKNOWLEDGE POLLING 


FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 
ACK = 0)? 


YES 
Next 
Operation 





DATA 


See eee 
A 
Cc 


A 
Cc 
K 
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8.0 READ OPERATIONS 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


8.1 Current Address Read 


The 24xx00 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous read 
access was to address n, the next current address read 
operation would access data from address n + 1. Upon 
receipt of the slave address with the R/W bit set to one, 
the device issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
device discontinues transmission (Figure 8-1). 


8.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 


FIGURE 8-1: CURRENT ADDRESS READ 


BUS ACTIVITY 
MASTER 


BUS ACTIVITY 


X = Don't Care Bit 


FIGURE 8-2: RANDOM READ 
S 


BUS ACTIVITY CONTROL 
B 


MASTER R 
a 


WORD 
YTE ADDRESS (n) 


device as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24xx00 will then issue 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the device discontinues 
transmission (Figure 8-2). After this command, the 
internal address counter will point to the address loca- 
tion following the one that was just read. 


8.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the device transmits the first 
data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the device to transmit the next sequentially 
addressed 8-bit word (Figure 8-3). 


To provide sequential reads the 24xx00 contains an 
internal address pointer which is incremented by one at 
the completion of each read operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


CONTROL 
BYTE 
poet a —"“—~ 


A 
C 
K 





S 

A CONTROL 

a DATA (n) 

T . A el en 
1/0] 1 


A 


BYTE 
— Ae 7 
fof tole KL Ishefol slob] | 
SDA LINE 
A A 
C C 
K 


K 
BUS ACTIVITY 


X = Don't Care Bit 


FIGURE 8-3: SEQUENTIAL READ 
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NOTES: 
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24XX00 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


ne peste ar Mon al Hee ‘iia 
: lastic 150 mil Body 
Package: ST = TSSOP, 8-lead 

OT = SOT-23, 5-lead 


Blank = 0°C to +70°C 
ere I = -40°C to +85°C 
ange: E = -40°C to +125°C 


24AA00 128 bit 1.8V I2C Serial EEPROM 
24AA00T 128 bit 1.8V I°C Serial EEPROM (Tape and Reel) 

24LC00 = 128 bit 2.5V IC Serial EEPROM 
24LCOOT 128 bit 2.5V IC Serial EEPROM (Tape and Reel) 

24C00 128 bit 5.0V I7C Serial EEPROM 
24CO00T 128 bit 5.0V I7C Serial EEPROM (Tape and Reel) 


Device: 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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1K 5.0V ?C’” Serial EEPROM 








FEATURES PACKAGE TYPES 


Single supply with operation from 4.5 to 5.5V PDIP/SOIC 
Low power CMOS technology 

- 1mMA active current typical 

- 10 pA standby current typical at 5.5V 
Organized as a single block of 128 bytes (128 x 8) 
2-wire serial interface bus, I@C compatible 

100 kHz and 400 kHz compatibility 

Page-write buffer for up to 16 bytes 

Self-timed write cycle (including auto-erase) 

Fast 1 mS write cycle time for byte or page mode 
Address lines allow up to eight devices on bus 
1,000,000 erase/write cycles guaranteed 

ESD protection > 4,000V 

Data retention > 200 years: 

8-pin PDIP, SOIC or TSSOP packages 

Available for extended temperature ranges 

- Commercial (C): 0°C to +70°C 

- Industrial (I): -40°C to +85°C 

- Automotive (E): -40°C to +125°C 


DESCRIPTION 


The Microchip Technology Inc. 24CO1C is a 1K bit 
Serial Electrically Erasable PROM with a voltage range 
of 4.5V to 5.5V. The device is organized as a single 


e 





block of 128 x 8-bit memory with a 2-wire serial inter- 

face. Low current design permits operation with typical BLOCK DIAGRAM 

standby and active currents of only 10 uA and 1 mA AO At A2 

respectively. The device has a page-write capability for HV Generator 


up to 16 bytes of data and has fast write cycle times of 
only 1mS for both byte and page writes. Functional 
address lines allow the connection of up to eight 
24C01C devices on the same bus for up to 8K bits of 
contiguous EEPROM memory. The device is available 
in the standard 8-pin PDIP, 8-pin SOIC (150 mil), and 
TSSOP packages. SDA SCL 


Vec [_}-—» 
Vss[_}—> 





R/W CONTROL 





(°C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 

1.1. Maximum Ratings* Ground | 
Ce retake tact cetera eames renee 7.0V Serial Data 

All inputs and outputs w.r.t. VSS......-0.6V to Vcc +1.0V Serial Clock 

Storage temperature ........ccccerereerees -65°C to +150°C +4.5V to 5.5V Power Supply 
Ambient temp. with power applied...... -65°C to +125°C AO, A1, A2 Chip Selects 


Soldering temperature of leads (10 seconds) .. +300°C 
ESD protection on all pins 00.0.0... ccscseesceseeeenes 2>4kV 


*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


Test Test Pin: may be tied high, low or 


left floating 


TABLE 1-2: DC CHARACTERISTICS 


All parameters apply across the speci- | Vcc = +4.5V to +5.5V 

fied operating ranges unless otherwise | Commercial (C): Tamb= 0O°C to +70°C 

noted. Industrial (I): Tamb = -40°C to +85°C 
Automotive (E): Tamb = -40°C to +125°C 


[Parameter | symbot | in, | wax. [unite | conditions 


SCL and SDA pins: | 
High level input voltage 0.7 Vcc 
Low level input voltage .3 VCC 
Hysteresis of Schmitt trigger inputs 0.05 Vcc — (Note) 
Low level output voltage .40 V IOL = 3.0 mA, Vcc = 4.5V 


Input leakage current Hu -10 10 WA | VIN=0.1V to 5.5V, WP =Vss 
Output leakage current ILO -10 10 uA | VouT =0.1V to 5.5V 


Pin capacitance (all inputs/outputs) 


Icc Read 
| Operating current | lec Read | 


oe 
ficcwrte [| — 
Standby current ay 


Note: This parameter is periodically sampled and not 100% tested. 


10 pF | Vcc = 5.0V (Note) 
Tamb = 25°C, f = 1 MHz 
Vcc = 5.5V, SCL = 400 kHz 


Voc = 58V 
Ls wA |Vcc=5.5V, SDA=SCL=Vcc 


. WP = Vss 





ESA A AAP I I TO I EE SO TE TE TEE A SB FEET EE I ETS GIR GEE I I I ES LO ES OI I TT EN ET AE I EE ELL IEE OS IEE ET TE 
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TABLE 1-3: AC CHARACTERISTICS 


All parameters apply across the specified oper- 
ating ranges unless otherwise noted. 








Vcc = 4.5V to 5.5V 
Commercial (C): Tamb= 0°C to +70°C 








































Industrial (I): Tamb = -40°C to +85°C 
Automotive (E): Tamb = -40°C to +125°C 
Yambsaesrc | A" CS lambs 
Parameter | +85°C Remarks 
Clock frequency P Fox [ — | io | — | 400 


Clock high tire | THIGH | 4000 | — 
Clock low time 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time | THD:STA | 4000 


START condition setup time 4700 


Data input hold time 
Data input setup time 2 
STOP condition setup time 4000 


Output valid from clock 
Bus free time TBUF 4700 





fe?) 
fe) 
io) 


x 
N 
= 


” 


BAN 
~“ 


oi 


1300 
300 
0 


Pd 


ote 1) 
ote 1) 


fter this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


(Note 2) 


1¢>) 
oO 


> 


1 


Oo 
oO 
> 
o” 


WwW —_— 
nn Sk 
e) S|o 
ro) vo) 


(Note 2) 

Time the bus must be free | 
before a new transmission | 
can start 

(Note 1), Cg < 100 pF 






1300 


Output fall time from VIH TOF 250 


minimum to Vit maximum 


Input filter spike suppression}; TSP 
(SDA and SCL pins) 


Write cycle time 
Endurance 


250 |20+0.1 Cp 


(Note 3) 


—_ 
ou 


+ 
i 
aD 
z 
E 


s | Byte or Page mode 


cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 





Note 1: Not 100% tested. Cp = total capacitance of one bus line in pF. 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VHyYS specifications are due to Schmitt trigger inputs which provide improved noise 
spike suppression. This eliminates the need for a Tl specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-1: BUSTIMING DATA 


— 


THD:DAT TSU:DAT 


TSU:STA 


DAA AAAAA? 
OOD 


QOOOYY 


KKK 7 
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2.0 PIN DESCRIPTIONS 
2.1 SDA Serial Data 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


2.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


2.3 AO, A1, A2 





The levels on these inputs are compared with the cor- 
responding bits in the slave address. The chip is 
selected if the compare is true. 


Up to eight 24C01C devices may be connected to the 
same bus by using different chip select bit combina- 
tions. These inputs must be connected to either Vcc or 
Vss. 


2.4 Test 


This pin is utilized for testing purposes only. It may be 
tied high, tied low or left floating. 


2.5 Noise Protection 


The 24C01C employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 3.8 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


3.0 FUNCTIONAL DESCRIPTION 


The 24C01C supports a bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C01C works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


RELA ESE NEN APTI BONS PS ET EY FSI SEE IA IT OTS ER I EE LT I a TE FO RTE OC TIE LETT EAS LE ESE LER SE IEE ESS ILL SE ESR EN TOE IDE TO 
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4.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. 

¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 4-1). 


4.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


4.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


4.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


4.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


FIGURE 4-1: 


be 


START 
CONDITION 


ADDRESS OR 
ACKNOWLEDGE 
VALID 


FIGURE 4-2: ACKNOWLEDGE TIMING 


WEEE oo Se 
SSS SERS \\Sdate trom tra STs EMSS 
SSSA Data from transmitter 


Transmitter must release the SDA line at this point 
allowing the Receiver to pull the SDA line low to 
acknowledge the previous eight bits of data. 
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05060. 


DATA 
ALLOWED 
TO CHANGE 





The data on the line must be changed during the LOW 
period of the clock signal. There is one bit of data per 
clock pulse. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six- 
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 


4.5 Acknowledge 


Each receiving device, when addressed, is required to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition (Figure 4- 
2). 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS CHARACTERISTICS 


SOS 
MN 


apes 
STOP 
CONDITION 


Acknowledge 
Bit 


SS ASSESS SESS SSIS RG 


A Data from transmitter | 


t Receiver must release the SDA line at this point 
so the Transmitter can continue sending data. 
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5.0 DEVICE ADDRESSING 


A control byte is the first byte received following the 
start condition from the master device (Figure 5-1). The 
control byte consists of a four bit control code; for the 
24C01C this is set as 1010 binary for read and write 
operations. The next three bits of the control byte are 
the chip select bits (A2, A1, AO). The chip select bits 
allow the use of up to eight 24C01C devices on the 
same bus and are used to select which device is 
accessed. The chip select bits in the control byte must 
correspond to the logic levels on the corresponding A2, 
Ai, and AO pins for the device to respond. These bits 
are in effect the three most significant bits of the word 
address. 


The last bit of the control byte defines the operation to 
be performed. When set to a one a read operation is 
selected, and when set to a zero a write operation is 
selected. Following the start condition, the 24C01C 
monitors the SDA bus checking the control byte being 
transmitted. Upon receiving a 1010 code and appropri- 
ate chip select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24C01C will select a read or 
write operation. 





FIGURE 5-1: CONTROL BYTE FORMAT 
Read/Write Bit 


Chip Select 
Control Code Bits 


ee 
[sf To [a] 0] a ai] sop 


Slave Address 


Start Bit Acknowledge Bit 


5.1 Contiguous Addressing Across 
Multiple Devices 


The chip select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 8K bits by add- 
ing up to eight 24C01C devices on the same bus. In this 
case, software can use AO of the control byte as 
address bit A8, A1 as address bit A9, and A2 as 
address bit A10. It is not possible to write or read 
across device boundaries. 
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6.0 WRITE OPERATIONS 
6.1 Byte Write 


Following the start signal from the master, the device 
code(4 bits), the chip select bits (3 bits), and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. The device will acknowledge this 
control byte during the ninth clock pulse. The next byte 
transmitted by the master is the word address and will 
be written into the address pointer of the 24C01C. After 
receiving another acknowledge signa! from the 
24C01C the master device will transmit the data word 
to be written into the addressed memory location. The 
24C01C acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24C01C will not gener- 
ate acknowledge signals (Figure 6-1). 


FIGURE 6-1: BYTE WRITE 


BUS ACTIVITY 
MASTER 


CONTROL 
BYTE 


SDA LINE 


BUS ACTIVITY 


FIGURE 6-2: PAGE WRITE 
Ss 
BUS ACTIVITY T 
MASTER A CONTROL WORD 
R BYTE ADDRESS (n) 
SDA LINE 
BUS ACTIVITY 


C 
K 


6.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C01C in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to 15 additional data bytes 
to the 24C01C which are temporarily stored in the on- 
chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order four bits of the word address remains con- 
stant. If the master should transmit more than 16 bytes 
prior to generating the stop condition, the address 
counter will roll over and the previously received data 
will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin (Figure 6-2). 


WORD 
ADDRESS 


a ee 
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T 

oO 

P 
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DATA n DATA n +1 DATA n + 15 
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7.0 ACKNOWLEDGE POLLING FIGURE 7-1: ACKNOWLEDGE POLLING 
FLOW 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 


complete (this feature can be used to maximize bus ~ Send 
throughput). Once the stop condition for a write com- Write Command 
mand has been issued from the master, the device ini- 


tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master Send Stop 
sending a start condition followed by the control byte Condition to 
for a write command (R/W = 0). If the device is still busy Initiate Write Cycle 
with the write cycle, then no ACK will be returned. If no 
ACK is returned, then the start bit and control byte must 
be re-sent. If the cycle is complete, then the device will 
return the ACK and the master can then proceed with 
the next read or write command. See Figure 7-1 for 
flow diagram. 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 


YES 
Next 
Operation 
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8.0 READ OPERATIONS 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


8.1 Current Address Read 


The 24C01C contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous read 
access was to address n, the next current address read 
operation would access data from address n + 1. Upon 
receipt of the slave address with the R/W bit set to one, 
the 24C01C issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24C01C discontinues transmission (Figure 8-1). 


8.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C01C as part of a write operation. After the word 


FIGURE 8-1: CURRENT ADDRESS READ 
S) 


s 
BUS ACTIVITY 
MASTER ee 


u 
SDA LINE s 


BUS ACTIVITY 


address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24C01C will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24CO1C dis- 
continues transmission (Figure 8-2). After this com- 
mand, the internal address counter will point to the 
address location following the one that was just read. 


8.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24C0O1C transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24CO1C to transmit the next sequentially 
addressed 8-bit word (Figure 8-3). 


To provide sequential reads the 24C01C contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The internal address pointer will 
automatically roll over from address 7F to address 00. 
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FIGURE 8-2: RANDOM READ 
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FIGURE 8-3: SEQUENTIAL READ 
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24C01C PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


24c01C — /P 


Plastic DIP (300 mil Body), 8-lead 
Package: Plastic SOIC, (150 mil Body), 8-lead 
TSSOP (4.4 mm Body), 8-lead 


Temperature Blank = O°C to +70°C 
Range: I = —40°C to +85°C 


E = -40°C to +125°C 


24C01C 1K12C Serial EEPROM 


Device: 
24C01CT 1K IC Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 
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NMiIcROCHIP 24AA0T1 / 02 


1K 1.8V 2C'” Serial EEPROM 








FEATURES PACKAGE TYPES 


Single supply with operation down to 1.8V 
¢ Low power CMOS technology 

- 1 mA active current typical 

- 10 uA standby current typical at 5.5V 

- 3A standby current typical at 1.8V 


Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 


2-wire serial interface bus, I?C™ compatible 
Schmitt trigger, filtered inputs for noise suppres- 
sion 

Output slope control to eliminate ground bounce 
100 kHz (1.8V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

¢ Can be operated as a serial ROM 

ESD protection > 3,000V 

1,000,000 ERASE/WRITE cycles guaranteed 
Data retention > 200 years 

8-pin DIP or SOIC package 

Available for extended temperature ranges 


c0/LOVV PC 


e e 


iN) 
fs 
> 
> 
° 
= 
Ss 
X) 


- Commercial (C): 0°C to +70°C 
- Industrial (1): -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 24AA01 and 24AA02 
are 1K bit and 2K bit Electrically Erasable PROMs. The 
devices are organized as a single block of 128 x 8-bit 
or 256 x 8-bit memory with a two wire serial interface. 
Low-voltage design permits operation down to 1.8 volts 
with standby and active currents of only 3 uA and 1 mA, : 
respectively. The 24AA01 and 24AA02 also have pean EEPROM 
page-write capability for up to 8 bytes of data. The 
24AA01 and 24AA02 are available in the standard 8- 
pin DIP and 8-pin surface mount SOIC packages. 


HV GENERATOR 





°C is a trademark of Philips Corporation 
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1.0 ELECTRICAL 


CHARACTERISTICS 

1.1. Maximum Ratings* 

MCC fas coc aaleeto acl ceeasececcsevieedesaiaatcssicsaatadas ies caeeaatane 7.0V 
All inputs and outputs w.r.t. VSS ................ -0.6V to Vcc +1.0V 
Storage temperature ..............sseessceseseeeeeees -65°C to +150°C 
Ambient temp. with power applied.............. -65°C to +125°CC 
Soldering temperature of leads (10 seconds)............. +300°C 
ESD protection on all pins... ceescseseeesesseeeeseeees 24kV 


*Notice: Stresses above those listed under “Maximum ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 


TABLE 1-2: DC CHARACTERISTICS 


WP, SCL and 'WP.SCLandSDApins: | pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt trigger 
inputs 
Low level output voltage 


other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-1: PIN FUNCTION TABLE 


Ground 
Serial Address/Data/I/O 


Serial Clock 
Write Protect Input 
+1.8V to 5.5V Power Supply 


AO, Al, A2 No Internal Connection 





Vcc = +1.8V to +5.5V 
Commercial (C):Tamb = 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


(Note) 
loL = 3.0 mA, Vcc = 1.8V 


Cr 


Cr aes leakage current 


ee 


Pin capacitance te Vec = 5.0V inet 1) 
(all inputs/outputs) CouT Tamb = 25°C, FLCK = 1 MHz 


Operating current Icc Write 


icc Read 


Standby current 


Vcc = 5.5V, SCL = 400 kHz 
Vcc = 1.8V, SCL = 100 kHz 
Vcc = 5.5V, SCL = 400 kHz 
Vcc = 1.8V, SCL = 100 kHz 


Vcc = 5.5V, SDA = SCL = 
Vcc 

Vcc = 3.0V, SDA = SCL = 
Vcc 

Vcc = 1.8V, SDA = SCL = 
Vcc 

WP = Vss 





Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: © AC CHARACTERISTICS 


Standard Mode = : . : _ 
Parameter ast Mode Remarks 























Clock frequency | Fok | — | 
Clock high time 
Clock low time 
SDA and SCL rise time 


SDA and SCL fali time 


TF — 
START condition hold time | THD:STA | 4000 
START condition setup 4700 


Data input hold time 
Data input setup time 250 


STOP condition setup time 4000 


Output valid from clock 


Bus free time TBUF 4700 


1300 
100 
300 | 


o) 
o) 


oO 


io) > 
Lo) © 
< 
—L 
N 


(Note 1) 
00 ns (Note 1) 
After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


ee 
aad 


QQ 





1 


© 


3500 
1300 


Time the bus must be free 


before a new transmis- 
sion can start 


(Note 1), CB < 100 pF 
(Note 3) 





Output fall time from VIH TOF 250 =| 20+0.1 


min to VIL max 


Input filter spike suppres- TSP | 


sion (SDA and SCL pins) 


250 
Write cycle time 10 ms | Byte or Page mode 


cycles | 25°C, Vcc = 5.5V, Block 
Mode (Note 4) 
Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 


2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our BBS or website. 


fo) 
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FIGURE 1-2: BUS TIMING DATA 


TSU:STA—> 
TSU:DAT 
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2.0 FUNCTIONAL DESCRIPTION 


The 24AA01/02 supports a bi directional 2-wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener- 
ates the START and STOP conditions, while the 
24AA01/02 works as slave. Both, master and slave can 
operate as transmitter or receiver but the master device 
determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 


FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Device Address 


The 24AA01/02 are software-compatible with older 
devices such as 24CO1A, 24C02A, 24LC01, and 
24LC02. A single 24AA02 can be used in place of two 
24LCO1's, for example, without any modifications to 
software. The “chip select” portion of the control byte 
becomes a don't care. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24AA01/02, followed by three don't 
Care bits. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24AA01/02 
(Figure 3-2). 


The 24AA01/02 monitors the bus for its corresponding 
slave address all the time. It generates an acknowl- 
edge bit if the slave address was true and it is not ina 
programming mode. 


. Control : 
ommen| t [ cine | 
Read 1010 XXX 1 
Write 1010 XXX 0 

FIGURE 3-2: CONTROL BYTE 
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FIGURE 4-1: BYTE WRITE 
S 


BUS ACTIVITY A | CONTROL 
MASTER 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24AA01/02. After 
receiving another acknowledge signal from the 
24AA01/02 the master device will transmit the data 
word to be written into the addressed memory location. 
The 24AA01/02 acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24AA01/02 will not 
generate acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA01/02 in the same way | 
as in a byte write. But instead of generating a stop con- 
dition the master transmits up to eight data bytes to the 
24AA01/02 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains con- 
stant. If the master should transmit more than eight 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 7-1). 
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FIGURE 4-2: PAGE WRITE 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
fora write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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Write Command 
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6.0 WRITE PROTECTION 


The 24AA01/02 can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 





7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


The 24AA01/02 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24AA01/02 issues’ an 
acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24AA01/02 discontinues 
transmission (Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA01/02 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24AA01/02 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA01/02 dis- 
continues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24AA01/02 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA01/02 to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24AA01/02 contains 
an internal address pointer which is incremented by 
one at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


7.4 Noise Protection 


The 24AA01/02 employs a Vcc threshold detector cir- 
cuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PIN DESCRIPTIONS 


8.1 SDA Serial Address/Data Input/ 
Output 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2K for 400 
kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


DATA n DATA n + 1 
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8.3 WP 


This pin must be connected to either Vss or Vcc. 


If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 


If tied to VCc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24AA01/02 as a 
serial ROM when WP is enabled (tied to Vcc). 


8.4 AO, A1, A2 





These pins are not used by the 24AA01/02. They may 
be left floating or tied to either Vss or VCc. 
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24AA01/02 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


IP | 
P 
Package: SN 
SM 
none Blank 
I 


Range: 









24AA01/02 — 


Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 
Plastic SOIC (207 mil Body), 8-lead 


0°C to +70°C 
-40°C to +85°C 





24AA01 _—«—1.8V,, 1K I2C Serial EEPROM 

24AA01T _‘1.8V, 1K I2C Serial EEPROM (Tape and Reel) 
24AA02 = 1.8V, 2K |2C Serial EEPROM 

24AA02T __1.8V, 2K [°C Serial EEPROM (Tape and Reel) 


Device: 


Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip Worldwide Web Site (www.microchip.com) 
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1K/2K 2.5V 2C~ Serial EEPROM 





FEATURES 


- Commercial (C): 0°C to +70°C 
- Industrial (I): -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 24LC01B and 
24LC02B are 1K bit and 2K bit Electrically Erasable 
PROMs. The devices are organized as a single block 
of 128 x 8 bit or 256 x 8 bit memory with a two wire 
serial interface. Low voltage design permits operation 
down to 2.5 volts with a standby and active currents of 
only 5 pA and 1 mA respectively. The 24LC01B and 
24LC02B also have page-write capability for up to 8 
bytes of data. The 24LC01B and 24LCO02B are avail- 
able in the standard 8-pin DIP and an 8-pin surface 
mount SOIC package. 


Single supply with operation down to 2.5V 
Low power CMOS technology 

- 1mA active current typical 

- 10 pA standby current typical at 5.5V 

- 5A standby current typical at 3.0V 


Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 


2-wire serial interface bus, I2C™ compatible 
100 kHz (2.5V) and 400kHz (5.0V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 
Can be operated as a serial ROM 

ESD protection > 3,000V 

1,000,000 E/W cycles guaranteed 

Data retention > 200 years 

8 pin DIP or SOIC package 

Available for temperature ranges 


| a 
SDA SCL 


Vcc [> 
Vss L}~ 
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1.0 ELECTRICAL CHARACTERISTICS | TABLE 1-1: PIN FUNCTION TABLE 
145 Maximum Ratings* | 

ee ee 7.0V _ | Ground 

All inputs and outputs w.r.t. VSS ................ -0.6V to Vcc +1.0V Serial Address/Data I/O 
Storage temperature ..........ccsccccessscsersesseeees -65°C to +150°C Serial Clock 

Ambient temp. with power applied................. -65°C to +125°C Write Protect Input 

Soldering temperature of leads (10 seconds)............. +300°C +2.5V to 5.5V Power Supply 
ESD protection on all pins Sev oeeseens wevedecvercecneacectseecteeesececs 24kV AO, Al : A2 No Internal Connection 





*Notice: Stresses above those listed under “Maximum ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-1: DC CHARACTERISTICS 














Vcc = +2.5V to +5.5V 





Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


[Parameter | Symboi | Min | Max. | Unite | Conditions —_ 
(Note) 


WP, SCL and SDA pins: .7 Vcc V 
High level input voltage 
Low level input voltage .3 VCC V 
Hysteresis of Schmidt trigger inputs .05 Voc —_ V 
Low level output voltage 40 V loL = 3.0 mA, Vcc = 2.5V 


Input leakage current fot | 10 | to] pA VIN = .1V to 5.5V 
Output leakage current | to =| -10— | 10] ma | VouT = .1V to 5.5V 


Pin capacitance (all inputs/outputs) CIN, pF |Vcc=5.0V (Note 1) , 
COUT Tamb = 25°C, FCLK = 1 MHz 
Operating current icc Write 3 mA |Vcc = 5.5V, SCL = 400 kHz 
icc Read 1 mA 


Standby current Iccs 30 uA | Vcc =3.0V, SDA = SCL = Vcc 
| | 100 wA iVcc =5.5V, SDA =SCL=Vcc | 
WP = Vss 


Note: This parameter is periodically sampled and not 100% tested. 
















FIGURE 1-1: BUS TIMING START/STOP 


THD:STA 
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DS20071I-page 3-30 © 1998 Microchip Technology Inc. 


24LC01B/02B 





TABLE 1-2: AC CHARACTERISTICS 


STANDARD | Vcc= ae) 5.5V 
Parameter Symbol MODE ae) MODE Remarks 


[Clocktrequeney | SFOUK | — | wo] — | 400] kz | 
aa ear ee 
[Clockiowtime | Tuow | 4700 | — | 1900 | — | ns] 
SoAand sou reese [tm [=f sooo [Pao [ne fe) 
(SDA and ISDA and SCL fall time fall ISDA and SCL fall time | Tr | — | 300} — | 300 | ns | (Note 1) 


START condition hold time THD:STA | 4000 After this period the first 
clock pulse is generated 

START condition setup time TSU:STA | 4700 Only relevant for repeated 
START condition 


T= [ors ito) 
apt stro | a5 = A ES i aeaeeT 
Lee ae a 
asco | — | 900 [ns [(Wote) 


Bus free time TBUF — Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH 20 +0.1 (Note 1), CB < 100 pF 

minimum to VIL maximum CB 

Input filter spike suppression (Note 3) 

(cl and sits pins) 


Write cycletime ‘(| twa | — | 10 | — | 10 | ms [ByteorPagemode 


Endurance cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 


Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise spike suppression. This eliminates the need for a Tl specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 






































FIGURE 1-2: BUSTIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC01B/02B supports a bi-directional two wire 


bus and data transmission protocol. A device that 
sends data onto the bus is defined as transmitter, and 
a device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener- 
ates the START and STOP conditions, while the 
24LC01B/02B works as slave. Both master and slave 
can operate as transmitter or receiver but the master 
device determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus Not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six- 
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that. acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 


FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Devide Address 


The 24LC01B/02B are software-compatible with older 
devices such as 24C01A, 24C02A, 24LC01, and 
24LC02. A single 24LC02B can be used in place of two 
24LCO1's, for example, without any modifications to 
software. The “chip select” portion of the control byte 
becomes a don't care. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24LC01B/02B, followed by three 
don't care bits. 

The eighth bit of slave address determines if the master 
device wants to read or write to the 24LC01B/02B 
(Figure 3-2). 

The 24LC01B/02B monitors the bus for its correspond- 
ing slave address all the time. It generates an acknowl- 
edge bit if the slave address was true and it is not ina 
programming mode. 
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4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24LC01B/02B. After 
receiving another acknowledge signal from the 
24LC01B/02B the master device will transmit the data 
word to be written into the addressed memory location. 
The 24LC01B/02B acknowledges again and the mas- 
ter generates a stop condition. This initiates the inter- 
nal write cycle, and during this time the 24LC01B/02B 
will not generate acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC01B/02B in the same 
way as in a byte write. But instead of generating a stop 
condition the master transmits up to eight data bytes to 
the 24LC01B/02B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains con- 
stant. If the master should transmit more than eight 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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6.0 WRITE PROTECTION 


The 24LC01B/02B can be used as a serial ROM when 
the WP pin is connected to Vcc. Programming will be 


inhibited and the entire memory will be write-protected. . 





7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


7.1 Current Address Read 


The 24LC01B/02B contains an address counter that 
maintains the address of the last word accessed, inter- 
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W bit set to one, the 
24LC01B/02B issues an acknowledge and transmits 
the eight bit data word. The master will not acknowl- 
edge the transfer but does generate a stop condition 
and the 24LC01B/02B discontinues transmission 
(Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC01B/02B as part of a write operation. After the 
word address is sent, the master generates a start con- 
dition following the acknowledge. This terminates the 
write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the R/W bit set to a one. The 24LC01B/ 
02B will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24LC01B/02B discontinues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC01B/02B transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24LC01B/02B to transmit the next sequen- 
tially addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24LC01B/02B con- 
tains an internal address pointer which is incremented 
by one at the completion of each operation. This 
address pointer allows the entire memory contents to 
be serially read during one operation. 


7.4 Noise Protection 


The 24LC01B/02B employs a Vcc threshold detector 
circuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PIN DESCRIPTIONS 


8.1 SDA Serial Address/Data Input/ 
Output 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 





8.3 WP 


This pin must be connected to either Vss or Vcc. 
If tied to VSs, normal memory operation is enabled 
(read/write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24LC01B/02B 
as a serial ROM when WP is enabled (tied to Vcc). 


8.4 AO, A1, A2 


These pins are not used by the 24LC01B/02B. They 
may be left floating or tied to either Vss or VCc. 





t ; . ‘ re sf A 
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To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.. 


24LC01B/02B — /P 


P = Plastic DIP (300 mil Body), 8-lead 
Package: SN Plastic SOIC (150 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: I= -40°C to +85°C 


24LC01B 1K I2C Serial EEPROM 

24LC01BT 1K I2C Serial EEPROM (Tape and Reel) 
24LC02B = 2K |°C. Serial EEPROM 

24LC02BT 2K |2C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MIcROCHIP 


24C01SC/02SC 





1K/2K 5.0V °C” Serial EEPROMs for Smart Cards 





FEATURES 


¢ ISO Standard 7816 pad locations 
¢ Low power CMOS technology 

- 1mMA active current typical 

- 10 pA standby current typical at 5.5V 
¢ Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 
2-wire serial interface bus, IC™ compatible 
100 kHz and 400 kHz compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes 
2 ms typical write cycle time for page-write 
ESD protection > 4 kV 
1,000,000 E/W cycles guaranteed 
Data retention > 200 years 
Available for extended temperature ranges 
- Commercial (C): 0°C to +70°C 


DESCRIPTION 


The Microchip Technology Inc. 24C01SC and 
24C02SC are 1K-bit and 2K-bit Electrically Erasable 
PROMs with bondpad positions optimized for smart 
card applications. The devices are organized as a sin- 
gle block of 128 x 8-bit or 256 x 8-bit memory with a 
two-wire serial interface. The 24C01SC and 24C02SC 
also have page-write capability for up to 8 bytes of data. 


* e0«eeeece068606@606 6 


(2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: © PAD FUNCTION TABLE 
1.1 Maximum Ratings* 

Chae ce ere Serene eats 7.0V Ground 

All inputs and outputs w.r.t. VSS ........... -0.6V to Vcc +1.0V Serial Address/Data I/O 
Storage temperature .............csccccccssssesssrreesees -65°C to +150°C Serial Clock 

Ambient temp. with power applied................. -65°C to +125°C 

ESD protection on alll padS........c..ccsccscccssecsoescecsesesecsseeees >4 kV +4.5V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum ratings” Don’t connect 





may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 
Vcc = +4.5V to +5.5V 








0°C to +70°C 





Commercial (C): Tamb = 







SCL and SDA pads: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmidt trigger inputs 
Low level output voltage loL = 3.0 mA, Vcc = 4.5V 


VOL 
Input leakage current (SCL) VIN = .1V to 5.5V 
























VHYS (Note) 


Output leakage current (SDA) VouT = .1V to 5.5V 


V 
V 
— .40 V 
| 10 | 10 || pA 
CouT ani Tamb = 25°C, FCLK = 1 MHz 
| = | 100 | pA 






Operating current Icc Write Vcc = 5.5V 
Icc Read Vcc = 5.5V, SCL = 400 KHz 
Standby current uA |Vcc=5.5V, SDA = SCL =Vcc 


Note: This parameter is periodically sampled and not 100% tested. 
FIGURE 1-1: BUSTIMING START/STOP 








DS21170B-page 3-38 © 1998 Microchip Technology Inc. 


24C01SC/02SC 





TABLE 1-3: AC CHARACTERISTICS 


|_____Parameter____|_Symbol_| _Min._| Max. | Units | Remarks 
Clock frequency 


a iH 
Clock high time [Twn | 600 
ns 



































Clock low time 1300 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 


START condition setup time fe ee 
Data input hold time | THo:pat | 0 


Data input setup time TSU:DAT 
STOP condition setup time 


Output valid from clock 


AA 
Bus free time TBUF 
Output fall time from VIH 25 
minimum to ViL maximum CB 
Input filter spike suppression 
(SDA and SCL pins) . 


Write cycle time TWR 


Endurance cycles | 25°C, Vcc = 5V, Block Mode 
(Note 4) 
Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 


2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise spike suppression. This eliminates the need for a TI specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 


oO 
oO 
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start 
0 


10 
1M 


oO 
oO 





TSU:STA—> 
TSU:DAT TSU:STO —> 


SS I TS SE I ELE A ZS SE ES SG ET PT ES IP EE TE SEES ES a ES SEE NT TE I EE I CEA 


© 1998 Microchip Technology Inc. DS21170B-page 3-39 











24C01SC/02SC 





2.0 FUNCTIONAL DESCRIPTION 


The 24C01SC/02SC supports a bi-directional two-wire 
bus and data transmission protocol. A device that 
sends data onto the bus is defined as transmitter, and 
a device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener- 
ates the START and STOP conditions, while the 
24C01SC/02SC works as slave. Both master and slave 
can operate as transmitter or receiver, but the master 
device determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 


During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur, it will replace data in a first in first 
out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this case, 
the slave must leave the data line HIGH to enable the 
master to generate the STOP condition. 


FIGURE 3-1: _DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 BUS CHARACTERISTICS 
4.1 Slave Address 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C01SC/02SC, followed by three 
don't care bits. 

The eighth bit of slave address determines if the master 
device wants to read or write to the 24C01SC/02SC 
(Figure 4-1). 


The 24C01SC/02SC monitors the bus for its corre- 
sponding slave address all the time. It generates an 
acknowledge bit if the slave address was true, and it is 
not in a programming mode. 


: Control Chip 
operation | Cenwet |e, | mw 
Read 1010 XXX 1 
Write 1010 XXX 0 
FIGURE 4-1: CONTROL BYTE 
ALLOCATION 


START READ/WRITE 


| SLAVE ADDRESS 


/ a 
SRR 


X = Don't care 

























FIGURE 5-1: 
BUS ACTIVITY 
MASTER 


BYTE WRITE 


CONTROL 
BYTE 





5.0 WRITE OPERATION 
5.1 Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the R/W 
bit, which is a logic low, is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will follow 
after it has generated an acknowledge bit during the 
ninth clock cycle. Therefore, the next byte transmitted 
by the master is the word address and will be written 
into the address pointer of the 24C01SC/02SC. After 
receiving another acknowledge signal from the 
24C01SC/02SC, the master device will transmit the 
data word to be written into the addressed memory 
location. The 24C01SC/02SC acknowledges again and 
the master generates a stop condition. This initiates the 
internal write cycle, and during this time the 
24C01SC/02SC will not generate acknowledge signals 
(Figure 5-1). 


5.2 Page Write 


The write control byte, word address, and the first data 
byte are transmitted to the 24C01SC/02SC in the same 
way as in a byte write. But instead of generating a stop 
condition, the master transmits up to eight data bytes to 
the 24C01SC/02SC, which are temporarily stored in 
the on-chip page buffer and will be written into the 
memory after the master has transmitted a stop condi- 
tion. After the receipt of each word, the three lower 
order address pointer bits are internally incremented by 
one. The higher order five bits of the word address 
remains constant. If the master should transmit more 
than eight words prior to generating the stop condition, 
the address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 5-2). 


WORD 
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FIGURE 5-2: PAGE WRITE 
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6.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master send- 
ing a start condition followed by the control byte for a 
write command (R/W = 0). If the device is still busy with 
the write cycle, then NO ACK will be returned. If the 
cycle is complete, then the device will return the ACK, 
and the master can then proceed with the next read or 
write command. See Figure 6-1 for flow diagram. 


FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


7.1 Current Address Read 


The 24C01SC/02SC contains an address counter that 
maintains the address of the last word accessed, inter- 
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W bit set to one, the 
24C01SC/02SC issues an acknowledge and transmits 
the 8-bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24C01SC/02SC discontinues transmission 
(Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C01SC/02SC as part of a write operation. After the 
word address is sent, the master generates a start con- 
dition following the acknowledge. This terminates the 
write operation, but not before the internal address 
pointer is set. Then, the master issues the control byte 
again but with the R/W bit set to a one. The 
24C01SC/02SC will then issue an acknowledge and 
transmits the 8-bit data word. The master will not 
acknowledge the transfer but does generate a stop 
condition and the 24C01SC/02SC discontinues trans- 
mission (Figure 7-2). 
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7.3 Sequential Read 7.4 Noise Protection 

Sequential reads are initiated in the same way as a ran- The 24C01SC/02SC employs a Vcc threshold detector 
dom read except that after the 24C01SC/02SC trans- circuit which disables the internal erase/write logic if 
mits the first data byte, the master issues an the Vcc is below 1.5 volts at nominal conditions. 
acknowledge as opposed to a stop condition in a ran- The SCL and SDA inputs have Schmitt trigger and filter 


dom read. This directs the 24C01SC/02SC to transmit 
the next sequentially addressed 8-bit word 
(Figure 7-3). 


To provide sequential reads the 24C01SC/02SC con- 
tains an internal address pointer which is incremented 
by one at the completion of each operation. This 
address pointer allows the entire memory contents to 
be serially read during one operation. 


circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PAD DESCRIPTIONS 
8.1 SDA Serial Address/Data Input/Output 


This is a bi-directional pad used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


8.3 DC Don’t Connect 


This pad is used for test purposes and should not be 
bonded out. It is pulled down to Vss through an internal 
resistor. 


9.0 DIE CHARACTERISTICS 


Figure 9-1 shows the die layout of the 24C01SC/02SC, 
including .bondpad positions. Table 9-1 shows the 
actual coordinates of the bondpad midpoints with 
respect to the center of the die. 


FIGURE 9-1: DIE LAYOUT 





TABLE 9-1: BONDPAD COORDINATES 


Pad Midpoint, Pad Midpoint, 
Y dir. 


“746.625 


Note 1: Dimensions are in microns. 
2: Center of die is at the 0,0 point. 
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NOTES: 
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24C01SC/02SC Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. 





24C01SC/02SC — IS 


Die Thickness Blank = 11 mils 
08 = 8 mils 


Other die thicknesses available, please 
consult factory. 


Package: S = Die in Wafer Pak 
W = Wafer 
WF = Sawed Wafer on Frame 


Temperature Blank = 0°C to +70°C 
Range: 


Device: 24C01SC 1K 1°C ISO Smart Card die 
24C02SC 2K 1°C ISO Smart Card die 


Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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1K/2K Software Addressable 2C ’ Serial EEPROM 








PRODUCT OFFERING PACKAGE TYPES 


| Voitage | SoftwareWrite 
Range Protection 


24LCS61 | 1Kbits | 2.5V-5.5V | Entire Array 
24LCS62 | 2K bits | 2.5V-5.5V Lower Half 


FEATURES 


e Low power CMOS technology 

- 1 mA active current typical 

- 10 A standby current typical at 5.5V 

Software addressability allows up to 255 devices 
on the same bus 

2-wire serial interface bus, I@C compatible 
Automatic bus arbitration 

Wakes up to control code 0110 

General purpose output pin can be used to enable 
other circuitry 











Device 


zanesowe (| 


eo @ @ @ 
Z9/L9SD 102 


¢ 100 kHz and 400 kHz compatibility 

¢ Page-write buffer for up to 16 bytes 

¢ 10 ms max write cycle time for byte or page write 

* 1,000,000 erase/write cycles guaranteed ND 

¢ 8-pin PDIP, SOIC or TSSOP packages - 

¢ Temperature ranges supported: ea 
- Industrial (1): — -40°C to +85°C = 

NO 
DESCRIPTION 


The Microchip Technology Inc. 24LCS61/62 is a 1K/2K 
bit Serial EEPROM developed for applications that 
require many devices on the same bus but do not have 
the I/O pins required to address each one individually. 
These devices contain an 8 bit address register that is 
set upon power-up and allows the connection of up to 
255 devices on the same bus. When the process of 
assigning ID values to each device is in progress, the 
device will automatically handle bus arbitration if more 
than one device is operating on the bus. In addition, an 
external open drain output pin is available that can be 


used to enable other circuitry associated with each indi- SDA SCL 
vidual system. Low current design permits operation 
with typical standby and active currents of only 10 pA Vec(]}—+ 
and 1 mA respectively. The device has a page-write 


capability for up to 16 bytes of data. The device is avail- A SA CONTROL 
able in the standard 8-pin PDIP, SOIC (150 mil), and 


TSSOP packages. 





°C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 
CHARACTERISTICS 

1.1 Maximum Ratings* 

(cco ae EE nee Re ee eae Tn eT rR 7.0V | Serial Data 

All inputs and outputs w.r.t. VSs......-0.6V to Vcc +1.0V Serial Clock 

Storage teMperature ........cceeeeeens -65°C to +150°C +2.5V to 5.5V Power Supply 


Ambient temp. with power applied...... -65°C to +125°C 
Soldering temperature of leads (10 seconds) .. +300°C 


No Internal Connection 
ESD protection on all pins ......cccsccsessssessseesseenes >4kV External Device Select Output 





*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 

















VCC = +2.5V to +5.5V 
Industrial (I): Tamb = -40°C to +85°C 


All parameters apply across the speci- 
fied operating ranges unless otherwise 
noted. 


[Parameter | Symbor| win | wax [units [ Conditions 


SCL and SDA pins: 
High level input voltage 0.7 Vec 
Low level input voltage .3 VCC | 
Hysteresis of Schmitt trigger inputs 0.05 Vcc 
Low level output voltage IOL = 12 mA, Vcc = 4.5V 
(SDA and EDS pins) loL = 8 mA, Vcc = 2.5V 


Input leakage current ut uA | VIN=Vss or Vcc 

Output leakage current ILO -10 10 uA | VOUT =Vss or Vcc 

Pin capacitance (all inputs/outputs) CIN, pF |Vcc=5.0V (Note) — 

CouT Tamb = 25°C, f = 1 MHz 
Operating current Icc Write mA |Vcc=5.5V 
| Icc mead | mA _ | Vcc = 5.5V, SCL = 400 kHz 

Standby current Iccs wA |Vcc = 5.5V, SDA = SCL = Vcc 
| | | EDS = Vcc 


Note: This parameter is periodically sampled and not 100% tested. 














<<< < 
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TABLE 1-3: AC CHARACTERISTICS 


All parameters apply across the specified 
operating ranges unless otherwise noted. 


Vec = +2.5V to 5.5V 


Industrial (I): Tamb = -40°C to +85°C 








VCC = 2.5V - 5.5V | Vcc = 4.5V - 5.5V 
Parameter _ STD MODE FAST MODE Remarks 























Clock frequency Fok | — | kHz 
Clock high time 4000 
Clock low time TLOW 4700 | 1300 ns 


From VIL to ViH (Note 1) 
From VIL to VIH (Note 1) 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


(Note 2) 


awh 
2 S 
© © 


=) 


SDA and SCL rise time TR a 
SDA and SCL fall time TF | 


START condition hold time 4000 | 


600 


0 
60 


START condition setup time 4700 


Data input hold time 
Data input setup time 250 


STOP condition setup time 4000 
Output valid from clock | Tad | — | 3500 


Bus free time TBUF 4700 - 1300 


Output fall time 20+0.1 | 250 
(from 0.7 Vcc to 0.3 Vcc) 


Input filter spike suppression 
(SDA and SCL pins) 
ie ee 


90 


© 


— 
fo) 
oS © 


(Note 2) 

Time the bus must be free 
before a new transmission 
can start 
(Note 1), Cg < 100 pF 






?) 
ow 


(Notes 1, 3) 


Write cycle time 


TOF 
TSP 
Endurance —_ 1M 


= 
re) 


Byte or Page mode 


25°C, Vcc = 5.0V, Block 
Mode (Note 4) 


cycles 


Note 1: Not 100% tested. Cp = total capacitance of one bus line in pF. 
2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHYS specifications are due to Schmitt trigger inputs which provide improved noise 
spike suppression. This eliminates the need for a TI specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-1: BUSTIMING DATA 
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2.0 PIN DESCRIPTIONS 
2.1 SDA (Serial Data) 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. The SDA pin has Schmitt trigger and filter circuits 
which suppress noise spikes to assure proper device 
operation even on a noisy bus 


2.2 SCL (Serial Clock) 


This input is used to synchronize the data transfer from 
and to the device. The SCL pin has Schmitt trigger and 
filter circuits which suppress noise spikes to assure 
proper device operation even on a noisy bus. 


2.3 EDS (External Device Select) 


The External Device Select (EDS) pin is an open drain 
output that is controlled by using the OE bit in the con- 
trol byte. It can be used to enable other circuitry when 
the device is selected. A pull-up resistor must be added 
to this pin for proper operation. This pin should not be 
pulled up to a voltage higher than Vcc+1V. See 
Section 9.0 for more details. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


e Data transfer may be initiated only when the bus 
is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents vatid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one bit of data per 
clock pulse. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
data bytes transferred between the START and STOP 
conditions is determined by the master device and is 
theoretically unlimited, although only the last sixteen 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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3.5 Acknowledge 


Each receiving device, when addressed, is required to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





FIGURE 3-2: ACKNOWLEDGE TIMING 


The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition (Figure 3- 
2). 


Acknowledge 
Bit 


Transmitter must release the SDA line at this point | | Receiver must release the SDA line at this point 


allowing the Receiver to pull the SDA line low to 
acknowledge the previous eight bits of data. 


so the Transmitter can continue sending data. 
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4.0 FUNCTIONAL DESCRIPTION 


The 24LCS61/62 supports a bi-directional 2-wire bus 
and data transmission protocol compatible with the IC 
protocol. The device is configured to reside on a com- 
mon I?C bus with up to 255 total 24LCS61/62 devices 
on the bus. Each device has a unique serial number 
assigned to it when delivered from the factory. In an 
actual system, this serial number will be used to assign 
a separate 8-bit ID byte to each device in the system. 
After an ID byte is assigned to each device in the sys- 
tem, standard read and write commands can be sent to 
each device individually. 


4.1 Device Serial Number 


The device serial number is stored in a 48-bit (6 byte) 
register that is separate from the data array. The serial 
number register is non-volatile and cannot be changed 
by the user. Before shipment from the factory, this reg- 
ister is programmed with a unique value for every 
device. The 48 bit register allows for 2.8¢10'4 different 
combinations. The serial number is used at power-up 
to assign the device an ID byte which is then used for 
all standard read and write commands sent to that spe- 
cific device. 


4.2 Device ID Byte 


The Device ID byte is an 8-bit value that provides the 
means for every device on the bus to be accessed indi- 
vidually. The ID byte is stored in a RAM register sepa- 
rate from the data array. The ID byte register will 
always default to address 00 upon power-up. 


4.3 Device Addressing 


Each command to the device must begin with a start 
bit. A control byte is the first byte received following the 
start condition from the master device (Figure 4-1). The 
control byte consists of a four-bit control code, the OE 
bit, and three command select bits. For the 24LCS61/ 
62, the control code is set to 0110 binary for all opera- 
tions. The device will not acknowledge any commands 
sent with any other control code. The next bit is the Out- 
put Enable (OE) bit. This bit controls the operation of 
the EDS pin. See Section 9.0 for more details. The last 
three bits of the control byte are the command select 
bits (CO-C2). The command select bits determine 
which command will be executed. See Table 4-1. Fol- 
lowing a valid control byte, the 24LCS61/62 will 
acknowledge the command. 


FIGURE 4-1: CONTROL BYTE FORMAT 


Output Enable —— 
Bit 


Command Select 
Control Code Bits 


—— 
s[o}s | +} ofoe} cel or] co [ace 


Start Bit Acknowledge Bit 





TABLE 4-1: © COMMAND CODES 


Command Command Select Bits 
(C2 C1 CO) 


[Set Wite Protecion Fuse [000 
Red |S” 
Write (Byte orPage) | —~—iOw—* 
[Clear Address | 
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5.0 ASSIGNING THE ID BYTE 


The 24LCS61/62 device contains a special register 
which holds an 8-bit ID byte that is used as an address 
to communicate with a specific device on the bus. All 
read and write commands to the device must include 
this ID address byte. Upon power-up, the !D byte will 
default to 00h. Communicating with the device using 
the default address is typically done only at testing or 
programming time and not when it is connected to a 
bus with more than one device. Before the device can 
be used on a common bus with other devices, a unique 
ID byte address must be assigned to every device. 


5.1 Assign Address Command 


The ID byte is assigned by sending the Assign Address 
command. This command queries any device con- 
nected to the bus and utilizing the automatic bus arbi- 
tration feature, assigns an ID byte to the device that 
remains on the bus after arbitration is complete. Once 
a device has been assigned an ID byte, it will no longer 
respond to Assign Address commands until power is 
cycled or the Clear Address command is sent. The 
Assign Address command must be repeated for each 
device on the bus until all devices have been assigned 
an ID byte. 


The format for the Assign Address command is shown 
in Figure 5-1. The command consists of the control 
byte, the ID byte to be assigned to the device remaining 
when the arbitration is complete, and 48 bits of data 
being transmitted by devices on the bus. If the OE bit is 
set to a 1, then any device who has not been assigned 
an address will assert their respective EDS pin after the 
acknowledge bit following the Device ID byte. After the 
control byte and ID byte are sent, each device will 
begin to transmit its unique 48-bit serial number. The 
24LCS61/62 must acknowledge the control byte and 


FIGURE 5-1: ASSIGN ADDRESS COMMAND 


ae 


S) 
T 
A 
R 
1 


Device ID Byte 
eee ———"_—————_. 


the device ID byte, and the master must acknowledge 
each byte of the serial! number transmitted by the 
device. As each bit is clocked out, each device will 
monitor the bus to detect if another device is also trans- 
mitting. If any device is outputting a logic ‘1’ on the bus 
and it detects that the bus is at a logic ‘0’, then it 
assumes that another device is controlling the bus. As 
soon as any device detects that it is not controlling the 
bus it will immediately stop transmitting data and return 
to standby mode. The master must end the command 
by sending a no ack after all 6 bytes of the serial num- 
ber have been transmitted, followed by a Stop bit. 
Sending the Stop bit in any other position of the com- 
mand will result in the command aborting and all 
devices releasing the bus with no address assigned. If 
a device transmits its entire 48 bit serial number without 
releasing the bus to another device, then the ID byte 
transmitted within the command is transferred to the 
internal ID byte register upon receipt of the Stop bit and 
it will now respond only to commands that contain this 
ID byte (or the Clear Address command). Once a 
device has been assigned an ID byte, it will no longer 
respond to Assign Address commands until power is 
cycled or the Clear Address command is sent. 


This process of assigning ID bytes is repeated by the 
controller until no more devices respond to the Assign 
Address command. At this point, all devices on the bus 
have been assigned an ID byte and standard read and 
write commands can be executed to each individual 
device. 


The ID byte is stored in a volatile SRAM register, and if 
power is removed from the device or the Clear Address 
command is sent, then the ID byte will default to 
address 00 and the process of assigning an ID value 
must be repeated. 


STOP bit must occur here 
or command will abort 


6 Bytes (48 Bits) of Device Serial Number 
with each byte separated by an ack bit 
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5.2. Clear Address Command after 8 don’t care bits have been transmitted, followed 

: by a Stop bit. Sending the Stop bit in any other position 
The clear address command will clear the device ID of the command will result in the command aborting 
byte from all devices on the bus and will enable all and the device releasing the bus. | 


devices to respond to the Assign Address command. 
The master must end the command by sending an ack 


FIGURE 5-2: CLEAR ADDRESS COMMAND 


CONTROL 
BYTE Device ID Byte 
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5.3 Operation State Diagram sible states and operational flow once power is applied 
to the device. Table 5-1 summarizes operation of each 
The diagram below shows the state diagram for basic command for the assigned and unassigned states. 


operation of the 24LCS61/62. This diagram shows pos- 


FIGURE 5-3: OPERATIONAL STATE DIAGRAM 


Power Off 


Clear Address 
Power Off Command 


Power On Unassigned Assigned 


State State 
(ID byte not assigned yet) (ID byte has been assigned) 


Assign Address Command: 
Device wins Arbitration 


Assign Address Command: 
Device loses Arbitration 





TABLE 5-1: COMMAND SUMMARY TABLE 


Result if Device Has Not Yet Result if Device Has Already Been 
Been Assigned an ID Byte Assigned an ID Byte . 


Assign Address If device wins arbitration, then ID Device will not acknowledge command. 
command byte will become xxh. If device 
loses arbitration, then ID byte will 






















revert back to 00h. 
Clear Address Device will remain with ID byte set | Device ID byte will revert back to OOh and will then 
command to OOh. acknowledge Assign Address commands. 
Read or Write Since the default 1D byte for the Device will acknowledge the control byte, but it will not 
































device is 00h, the device will exe- 
cute the command. 


Device will acknowledge the con- 
trol byte, but it will not acknowledge 
any further bytes and will not 

respond to the command. 


command with 
ID byte set to OOh 
Read or Write 
command with 

ID byte set to xxh 
(other than OOh) 


acknowledge any further bytes and will not respond to 
the command. 


If the device ID byte matches the ID byte in the command 
(xxh), the device will execute the command. If the device 
ID byte does not match the ID byte in the command, then 
the device will acknowledge the control byte, but it will 
not acknowledge any further bytes and will not respond 
to the command. 


Device will acknowledge the control byte, but it will not 
acknowledge any further bytes and will not respond to 
the command. 


If the device ID byte matches the ID byte in the command 
(xxh), the device will execute the command. If the device 
ID byte does not match the ID byte in the command, then 
the device will acknowledge the control byte, but it will 
not acknowledge any further bytes and will not respond 
to the command. Note: Once this command has been 
executed successfully for a device, the device will no 
longer acknowledge any part of this command again. 





























Set Write Protect Since the default ID address for the 
command with device is 00h, the device will exe- 


ID byte set to OOh cute the command. 


Set Write Protection | Device will acknowledge the con- 
command with trol byte, but it will not acknowledge 
ID byte set to xxh any further bytes and will not 

(other than OOh) respond to the command. 
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6.0. WRITE OPERATIONS than 16 bytes prior to generating the stop condition, the 
address counter will roll over and the previously 

6.1 Byte Write received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 

Following the start signal from the master, the control nal write cycle will begin (Figure 6-2) and the 24LCS61/ 

byte for a write command is sent by the master trans- 62 will not generate acknowledge. 

mitter. The device will acknowledge this control byte 

during the ninth clock pulse. The next byte transmitted 6.3 Low Voltage Write Protection 

by the master is the ID byte for the device. After receiv- 

ing another acknowledge signal from the 24LCS61/62, The 24LCS61/62 employs a Vcc threshold detector cir- 

the master device will transmit the address and then cuit which disables the internal erase/write logic, if the 

the data word to be written into the addressed memory Vcc is below 1.5 volts at nominal conditions. 


location. The 24LCS61/62 acknowledges between 


each byte, and the master then generates a stop con- 6.4 Set Write Protection Command 


dition. This initiates the internal write cycle, and during The Set Write Protection command allows the user to 
this time the 24LCS61/62 will not generate acknowl- write protect a portion of the array. For the 24LCS61 
edge signals (Figure 6-1). this command will write protect the entire array. For the 

; 24LCS62 this command will protect the lower half of 
oe Page Write the array. This command is illustrated in Figure 6-3. 
The control byte, ID byte, word address, and the first This is a one time only command and cannot be 
data byte are transmitted to the 24LCS61/62 in the reversed once the protection fuse has been set. 
same way as in a byte write. But, instead of generating Once the Write protect feature has been set, the device 
a stop condition, the master transmits up to 15 addi- will no longer acknowledge the control byte (or any of 
tional data bytes to the 24LCS61/62, which are tempo- the other bytes) of this command. The STOP bit of this 
rarily stored in the on-chip page buffer and will be command initiates an internal write cycle, and during 
written into the memory after the master has transmit- this time the 24LCS61/62 will not generate acknowl- 
ted a stop condition. If the master should transmit more edge signals. 


FIGURE 6-1: BYTE WRITE 
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| OE Bit = EDS Pin Output Enable; see Section 9.0 





FIGURE 6-2: PAGE WRITE 


BUS ACTIVITY CONTROL 


MASTER A BYTE DEVICE ADDRESS 
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FIGURE 6-3: SETWRITE PROTECTION COMMAND 
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7.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command and then sending the Device ID 
byte for that particular device. If the device is still busy 
with the write cycle, then no ACK will be returned after 
the Device ID byte. If no ACK is returned, then the start 
bit, control byte and ID byte must be re-sent. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next command. See 
Figure 7-1 for flow diagram. 
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FIGURE 7-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 
Send Control byte and 
Device ID byte 


Did Device 
Acknowledge 
Device iD 
(ACK = 0)? 


YES 
Next 
Operation 

























DS21226B-page 3-57 











24LCS61/62 








8.0 READ OPERATIONS a start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 


address pointer is set. Then the master sends the con- 
trol byte and ID byte for a read command. The 
24LCS61/62 will then issue an acknowledge and trans- 
mits the eight bit data word. The master will not 


Read operations are initiated in a similar way as the 
write operations. There are three basic types of read 
operations: current address read, random read, and 
sequential read. 


acknowledge the transfer but does generate a stop 
en Current Address Read condition and the 24LCS61/62 discontinues transmis- 
The 24LCS61/62 contains an address counter that sion (Figure 8-2). 
maintains the address of the last word accessed, inter- 8.3 S tial Read 
nally incremented by one. Therefore, if the previous : sequential head 
read access was to address n, the next current address 


Sequential reads are initiated in the same way as a ran- 
read operation would access data from address n + 1. dom read except that after the 24LCS61/62 transmits 
Upon receipt of the correct control byte and ID byte, the the first data byte, the master issues an acknowledge 
24LCS61/62 issues an acknowledge and transmits the as opposed to a stop condition in a random read. This 


eight bit data word. The master will not acknowledge directs the 24LCS61/62 to transmit the next sequen- 
the transfer but does generate a stop condition andthe | tially addressed 8-bit word (Figure 8-3). 


24LCS61/62 discontinues transmission (Figure 8-1). . ; 
To provide sequential reads the 24LCS61/62 contains 


8.2 Random Read an internal address pointer which is incremented by 

one at the completion of each operation. This address 
Random read operations allow the master to access pointer allows the entire memory contents to be serially 
any memory location in a random manner. To perform read during one operation. The internal address pointer 
this type of read operation, first the word address must will automatically roll over from address 7Fh 
be set. This is done by sending the word address to the (24LCS61) or FFh (24LCS62) to address OOh. 


24LCS61/62 as part of a write operation. After the ID 
byte and word address are sent, the master generates 


FIGURE 8-1: CURRENT ADDRESS READ 
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OE Bit = EDS Pin Output Enable; see Section 9.0 





FIGURE 8-2: RANDOM READ 
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FIGURE 8-3: SEQUENTIAL READ 
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9.0 EXTERNAL DEVICE SELECT 
(EDS) PIN AND OUTPUT 
ENABLE (OE) BIT 


The External Device Select (EDS) pin is an open drain, 
low active output and may be used by the system 
designer for functions such as enabling other circuitry 
when the 24LCS61/62 is being accessed. Because the 
pin is an open drain output, a pull-up resistor is required 
for proper operation of this pin. When the device is 
powered up, the EDS pin will always be in the high 
impedance state (off). The EDS pin function is con- 
trolled by using the output enable (OE) bit in the control 
byte of each command. If the OE bit is high, the EDS 
pin is enabled and if the OE bit is low the pin is dis- 
abled. For the Assign Address command and standard 


FIGURE 9-1: EDS PIN OPERATION 


ACK 


read or write commands, the EDS pin will pull low (pro- 
viding that the OE bit is set high) on the rising clock 
edge after the ack bit following the ID byte. See 
Figure 9-1. For commands such as the Clear Address 
command, the EDS pin will change states at the rising 
clock edge just before the Stop bit. It is also possible to 
control the EDS pin by sending a partial command such 
as the control byte and ID byte for a write command fol- 
lowed by the Stop bit. The EDS pin would change 
states just before the Stop bit as shown in the lower 
portion of Figure 9-1. When the EDS pin has changed 
states, it is latched and will remain in a given state until 
another command is sent to the device with the OE bit 
set to change the state of the pin, or power to the 
device is removed. 


ACK 


BIT ID Byte BIT 
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For commands such as the Assign Address command or standard read and 

writes, the EDS pin will be asserted on this rising clock edge if the OE bit was set 

to a one in the ore If the OE bit is a zero and the previous command 
D 


asserted it, then the 


ACK 


pin will be released by the device on this clock edge. 


ACK STOP 


BIT IDB BIT BIT 
[ oli 


2) | 3) / 4 75) (6) /7| 78) [9 


2\ | 3) /4| /5| [6 8) {9 





For commands such as the Clear Address command, the command is ter- 
minated at this point with a STOP bit. The EDS pin will be asserted on this 
rising clock edge if the OE bit was set to a one in the control byte. If the OE 
bit is a zero and the previous command asserted it, then the EDS pin will be 
released by the device at this point. 
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24LCS61/62 PRODUCT IDENTIFICATION SYSTEM _ 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


24LCS61/62 — 


an Bee eal iE mil pope a ? 
; lastic 150 mil Body), 8-lea 
Package: ST = TSSOP. 8-lead 


| Temperature I = -40°C to +85°C 


Range: 


24LCS61 1K 2.5V I°C Serial EEPROM 
Device: 24LCS61T 1K 2.5V IC Serial EEPROM (Tape and Reel) 
, 24LCS62 2K 2.5V I2C Serial EEPROM 
24LCS62T 2K 2.5V I?C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 


24C02C 





2K 5.0V -C '~ Serial EEPROM 





FEATURES 


Single supply with operation from 4.5 to 5.5V 
Low power CMOS technology 

- 1 mA active current typical 

- 10 pA standby current typical at 5.5V 
Organized as a single block of 256 bytes (256 x 8) 
Hardware write protection for upper half of array 
2-wire serial interface bus, IC compatible 

100 kHz and 400 kHz compatibility 

Page-write buffer for up to 16 bytes 

Self-timed write cycle (including auto-erase) 

Fast 1 mS write cycle time for byte or page mode 
Address lines allow up to eight devices on bus 
1,000,000 erase/write cycles guaranteed 

ESD protection > 4,000V 

Data retention > 200 years 

8-pin PDIP, SOIC or TSSOP packages 

Available for extended temperature ranges 


- Commercial (C): 0°C to +70°C 


- Industrial (I): -40°C to +85°C 
- Automotive (E): -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 24C02C is a 2K bit 
Serial Electrically Erasable PROM with a voltage range 
of 4.5V to 5.5V. The device is organized as a single 
block of 256 x 8-bit memory with a 2-wire serial inter- 
face. Low current design permits operation with typical 
standby and active currents of only 10 nA and 1 mA 
respectively. The device has a page-write capability for 
up to 16 bytes of data and has fast write cycle times of 
only 1 mS for both byte and page writes. Functional 
address lines allow the connection of up to eight 
24C02C devices on the same bus for up to 16K bits of 
contiguous EEPROM memory. The device is available 
in the standard 8-pin PDIP, 8-pin SOIC (150 mil), and 
TSSOP packages. 


I7C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 
_ CHARACTERISTICS 
1.1. Maximum Ratings* Ground 
ee eeeaseee ie eee 7.0V Serial Data 
All inputs and outputs w.r.t. VSS......-0.6V to Vcc +1.0V Serial Clock 
Storage temperature ........csecseecerees -65°C to +150°C +4.5V to 5.5V Power Supply 


Ambient temp. with power applied...... -65°C to +125°C 
Soldering temperature of leads (10 seconds) .. +300°C 


AO, A1, A2 Chip Selects 
ESD protection on alll DIS ........cecscssssssssssscssseseeeeee >4kV wP Hardware Write Protect 





*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


All parameters apply across the speci- | VCC = +4.5V to +5.5V 

fied operating ranges unless otherwise | Commercial (C): Tamb= 0°C to +70°C 

noted. Industrial (I): Tamb = -40°C to +85°C 
Automotive (E): Tamb = -40°C to +125°C 


[Parameter | Symbot | win | wax. [unite | ___Conditions 


SCL and SDA pins: 
High level input voltage 


Low level input voltage = 
Hysteresis of Schmitt trigger inputs 0.05 Vcc (Note) 
Low level output voltage lo. = 3.0 mA, Vcc = 4.5V 


Input leakage current m VIN = 0.1V to 5.5V, WP = Vss 
Output leakage current uA | VouT =0.1V to 5.5V 
Pin capectance(alinputsoutputs) capacitance (all Pin capectance(alinputsoutputs) sax Tano 225,101 MHz 


ne ficcRead [| — [| 1 | mA |Voo=58v, SCL= 400 KHz 


Standby current Iccs uA |Vcc =5.5V, SDA=SCL=Vcc 
WP = Vss 


Note: This parameter is periodically sampled and not 100% tested. 


















0.7 Vcc 
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TABLE 1-3: AC CHARACTERISTICS 


All parameters apply across the specified oper- 
ating ranges unless otherwise noted. 











Vcc = 4.5V to 5.5V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 
Automotive (E) Tamb = -40°C to +125°C 


Tamb > +85°C | -40°C <Tamb < +85°C 
Parameter Symbol hin, | Remarks 


Clock frequency 400 
Clock high time 0 
Ciock iow time TLOw 4700 | 


SDA and SCLrisetime | TR | 
eee! 


R 
SDA and SCL fall time F 




































1300 


+ 
x| 
O1& 
Eo 
© 
Oo 





@ 
Oo 
Oo 


= 7000- 
= ]300 


START condition hold time 4000 [= 


(Note 1) 

clock pulse is generated 
START condition 
Se 
ae 


Time the bus must be free 
before a new transmission 


ie) 
oO 
io) 





START condition setup time 4700 


1300 


20 + 0.1 Cp 


Ss 
N 


1M cycl 





T 
T 
Data input hold time /THD:DAT| =O || — | 
Data input setup time 250 | — | 
STOP condition setup time 
Output valid from clock | Taa | —_ | 3500 
Bus free time TBUF 4700 
wl can start 
minimum to ViL maximum 
Input filter spike suppression Laer ee ie | (Note 3) 
(SDA and SCL pins) 
Write cycle time twa [ — | 15 
Mode (Note 4) 
Note 1: Not 100% tested. Cg = total capacitance of one bus line in pF. 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHYS specifications are due to Schmitt trigger inputs which provide improved noise 
spike suppression. This eliminates the need for a TI specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 
FIGURE 1-1: BUSTIMING DATA 


i 


THD:DAT TSU:DAT 


TSU:STA 


THD:STA 


RRR KRY 
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2.0 PIN DESCRIPTIONS 
2.1 SDA Serial Data. 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to VCc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


2.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


2.3  A0.A1,A2 





The levels on these inputs are compared with the cor- 
responding bits in the slave address. The chip is 
selected if the compare is true. 


Up to eight 24C02C devices may be connected to the 
same bus by using different chip select bit combina- 
tions. These inputs must be connected to either Vcc or 
Vss. 


2.4 WP 


This is the hardware write protect pin. It must be tied to 
Vcc or Vss. If tied to Vcc, the hardware write protection 
is enabled. If the WP pin is tied to Vss the hardware 
write protection is disabled. 


2.5 Noise Protection 


The 24C02C employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 3.8 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


3.0 FUNCTIONAL DESCRIPTION 
The 24C02C supports a bi-directional 2-wire bus and 


- data transmission protocol. A device that sends data 


onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C02C works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 
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4.00 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. 

¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 4-1). 


4.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


4.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


4.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


4.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one bit of data per 
clock pulse. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six- 
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 


4.5 Acknowledge 


Each receiving device, when addressed, is required to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition (Figure 4- 
2). 


FIGURE 4-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS CHARACTERISTICS 


ADDRESS OR 
ACKNOWLEDGE 
VALID 


START 
CONDITION 


FIGURE 4-2: ACKNOWLEDGE TIMING 
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TO CHANGE 
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Transmitter must release the SDA line at this point | | Receiver must release the SDA line at this point 


allowing the Receiver to pull the SDA line low to so the Transmitter can continue sending data. 


acknowledge the previous eight bits of data. 
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5.0 DEVICE ADDRESSING 


A control byte is the first byte received following the 
start condition from the master device (Figure 5-1). The 
control byte consists of a four bit control code; for the 
24C02C this is set as 1010 binary for read and write 
operations. The next three bits of the control byte are 
the chip select bits (A2, A1, AO). The chip select bits 
allow the use of up to eight 24C02C devices on the 
same bus and. are used to select which device is 
accessed. The chip select bits in the control byte must 
correspond to the logic levels on the corresponding A2, 
A1, and AO pins for the device to respond. These bits 
are in effect the three most significant bits of the word 
address. 


The last bit of the control byte defines the operation to 
be performed. When set to a one a read operation is 
selected, and when set to a zero a write operation is 
selected. Following the start condition, the 24C02C 
monitors the SDA bus checking the control byte being 
transmitted. Upon receiving a 1010 code and appropri- 
ate chip select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24C02C will select a read or 
write operation. 





FIGURE 5-1: CONTROL BYTE FORMAT 
Read/Write Bit 


Chip Select 
Control Code Bits 


HApnnCoo. = 
Se eer ee een eee eee 


Slave Address 


Start Bit Acknowledge Bit 


5.1 Contiguous Addressing Across. 
Multiple Devices 


The chip select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 16K bits by 
adding up to eight 24C02C devices on the same bus. 
In this case, software can use AO of the control byte as 
address bit A8, A1 as address bit A9, and A2 as 
address bit A10. It is not possible to write or read 
across device boundaries. 
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6.0 WRITE OPERATIONS 
6.1 Byte Write 


Following the start signal from the master, the device 
code(4 bits), the chip select bits (3 bits), and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. The device will acknowledge this 
control byte during the ninth clock pulse. The next byte 
transmitted by the master is the word address and will 
be written into the address pointer of the 24C02C. After 
receiving another acknowledge signal from the 
24C02C the master device will transmit the data word 
to be written into the addressed memory location. The 
24C02C acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24C02C will not gener- 
ate acknowledge signals (Figure 6-1). If an attempt is 
made to write to the protected portion of the array when 
the hardware write protection has been enabled, the 
device will acknowledge the command but no data will 
be written. The write cycle time must be observed even 
if the write protection is enabled. 


FIGURE 6-1: BYTE WRITE 


BUS ACTIVITY CONTROL 
MASTER BYTE 


6.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C02C in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to 15 additional data bytes 
to the 24C02C which are temporarily stored in the on- 
chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order four bits of the word address remains con- 
stant. If the master should transmit more than 16 bytes 
prior to generating the stop condition, the address 
counter will roll over and the previously received data 
will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin (Figure 6-2). If an attempt is made to 
write to the protected portion of the array when the 
hardware write protection has been enabled, the 
device will acknowledge the command but no data will 
be written. The write cycle time must be observed even 
if the write protection is enabled. 


6.3 WRITE PROTECTION 


The WP pin must be tied to Vcc or Vss. If tied to Vcc, 
the upper half of the array (080-OFF) will be write pro- 
tected. If the WP pin is tied to Vss, then write opera- 
tions to all address locations are allowed. 
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FIGURE 6-2: PAGE WRITE 
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7.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If no 
ACK is returned, then the start bit and control byte must 
be re-sent. If the cycle is complete, then the device will 
return the ACK and the master can then proceed with 
the next read or write command. See Figure 7-1 for 
flow diagram. 





FIGURE 7-1:. ACKNOWLEDGE POLLING 
FLOW 
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8.0 READ OPERATIONS 


Read operations are initiated in the same way as write 
Operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


8.1 Current Address Read 


The 24C02C contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous read 
access was to address n, the next current address read 
operation would access data from address n + 1. Upon 
receipt of the slave address with the R/W bit set to one, 
the 24C02C issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24C02C discontinues transmission (Figure 8-1). 


8.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C02C as part of a write operation. After the word 


FIGURE 8-1: CURRENT ADDRESS READ 
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address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24C02C will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24C02C dis- 
continues transmission (Figure 8-2). After this com- 
mand, the internal address counter will point to the 
address location following the one that was just read. 


8.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24C02C transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24C02C to transmit the next sequentially 
addressed 8-bit word (Figure 8-3). 


To provide sequential reads the 24C02C contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The internal address pointer will 
automatically roll over from address FF to address 00. 
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24C02C PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


24c02C — /P 


P 
Package: SN 
ST 


Temperature Blank 
I 


Range: 


E = 


24C002C 


Device: 
aad 24C02CT 


Sales and Support 
Data Sheets 


Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC, (150 mil Body), 8-lead 
TSSOP (4.4 mm Body), 8-lead 


0°C to +70°C 
—40°C to +85°C 


—40°C to +125°C 


2K |?C Serial EEPROM 
2K 1°C Serial EEPROM (Tape and Reel) 





Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 


24LCS52 





2K 2.5V °C’’ Serial EEPROM with Software Write Protect 





FEATURES 


Single supply with operation down te 2.5V 
Low power CMOS technology 

- 1 mA active current typical 

- 10 pA standby current typical at 5.5V 

- 5 pA standby current typical at 3.0V 
Organized as a single block of 256 bytes (256 x 8) 
Software write protection for lower 128 bytes 
Hardware write protection for entire array 
2-wire serial interface bus, I2C™ compatible 
100kHz (2.5V) and 400kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

3.5 ms typical write cycle time for page-write 
1,000,000 erase/write cycles guaranteed 
ESD protection >4,000V 

Data retention > 200 years 

8-pin DIP, SOIC or TSSOP packages 
Available for extended temperature ranges 

- Commercial (C): 0°C to +70°C 
- Industrial (1): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LCS52 is a 2K bit 
Electrically Erasable PROM capable of operation 
across a broad voltage range (2.5V to 5.5V). This 
device has a software write protect feature for the lower 
half of the array, as well as an external pin that can be 
used to write protect the entire array. The software 
write protect feature is enabled by sending the device 
a special command, and once this feature has been 
enabled, it cannot be reversed. In addition to the soft- 
ware protect feature, there is a WP pin that can be used 
to write protect the entire array, regardless of whether 
the software write protect register has been written or 
not. This allows the system designer to protect none, 
half or all of the array, depending on the application. 
The device is organized as a single block of 256 x 8-bit 
memory with a 2-wire serial interface. Low voltage 
design permits operation down to 2.5 volts with typical 
standby and active currents of only 5 vA and 1 mA 
respectively. The device has a page-write capability for 
up to 16 bytes of data. The device is available in the 
standard 8-pin DIP, 8-pin SOIC and TSSOP packages. 


I2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 
CHARACTERISTICS 
1.1. Maximum Ratings* 
Ground 
NGG saaedsvei sieasiasnetades susesayecnscuiesdudegtassudsestesssunes Xasescuvacesniats 7.0V Serial Address/Data I/O 
All inputs and outputs w.r.t. VSS ............ -0.6V to Vcc +1.0V 
Storage temperature ..............cccssseesesseeeseees -65°C to +150°C Serial Clock 
Ambient temp. with power applied................. -65°C to +125°C +2.5V to 5.5V Power Supply 
Soldering temperature of leads (10 seconds)............. +300°C AO. A1. A2 Chip Selects 
ESD protection on all PinS.......ccccccccsssescessssscecseseesesees >4kV 





: ae WP Hardware Write Protect 
*Notice: Stresses above those listed under “Maximum ratings’ 


may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 










VCC = +2.5V to +5.5V 





Commercial (C): Tamb= 0°C to +70°C 





Industrial (I): Tamb = -40°C to +85°C 
| ____Parameter | Symbol | Min. | Max. | Units | Conditions _—_—_| 




















SCL and SDA pins: 
High level input voltage 


Low level input voltage 

Hysteresis of Schmitt trigger inputs 

Low level output voltage 

Input leakage current 
All I/O pins VIN = 0.1V to 5.5V, WP = Vss 

WP pin WP = Vcc 


ipa eta sme na | 010 arora 


CouT Tamb = 25°C, FCLK = 1 MHz 
SS Se 
| | Icc Read mA | Vcc = 5.5V, SCL = 400 kHz 
Standby current Iccs uA | Vcc =3.0V, SDA = SCL = Vcc 

uA |Vcc =5.5V, SDA =SCL = Vcc 
WP = Vss, AO, A1, A2 = Vss 


Note: | This parameter is periodically sampled and not 100% tested. 
FIGURE 1-1: BUS TIMING START/STOP 











(Note) 
lot = 3.0 mA, Vcc = 2.5V 
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TABLE 1-3: AC CHARACTERISTICS 


Vcc = 2.5-5.5V | Vcc = 4.5 - 5.5V 


























Input filter spike suppression 
(SDA and SCL pins) 

Write cycle time 

Endurance 


Parameter STD MODE FAST MODE 
| Min. | Max. | Min. | Max. | 

(Clockfrequency «(| ~—FaKk | — | 100, — | 400| kz | | 

4000 | — | 600 | — | ns | sid 

|Clocklowtime sss | sTeow | 4700 | — | 1300 | — | ms | sd 

|SDAandSCLrisetime «|| ~TR_ | — | 1000} — | 300] ns |(Notei) —s_—_—i| 

[SDA and SCLfalltime ss |_ = TF =| )~— =| 300 | — | 300 | ns |(Notei)  _—_—itf 

— 600 = ns | After this period the first 
clock pulse is generated 

ee ee | oem | 
START condition 

|Datainputholdtime | THosaT | =O | — | 0 | — | ns |(Note2) 

|Datainputsetup time ss | Tsuoar | 250 | — | 100 | — | ms | sd 

|STOP condition setup time __| Tsu:sto | 4000 | — | 600 | — | ms | 

|Output validfromclock | = TAA | =O ~—s| 3500 | ~— | 900 | ns |(Note2) ssi 
before a new transmission 
can start 

minimum to ViL maximum 


eed Rodd cae 
en 


ms _ | Byte or Page mode 


cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 
Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 


2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region | 3 

~ (minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined Tsp and VHYs specifications are due to new Schmitt trigger inputs which provide improved 
noise spike suppression. This eliminates the need for a TI! specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 
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FIGURE 1-2: BUSTIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LCS52 supports a bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LCS52 
works as slave. Both master and slave can operate as 
transmitter or receiver but the master device deter- 
mines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. 


During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus Not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 


after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


FIGURE 3-1: _DATATRANSFER SEQUENCE ON THE SERIAL BUS CHARACTERISTICS 


+ 


DATA 
ALLOWED CONDITION 
TO CHANGE 


ADDRESS OR 
CONDITION ACKNOWLEDGE 
VALID 





Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six- 
teen will be stored when doing a write operation. When 


-an overwrite does occur it will. replace data in a first in 


first out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 


3.6 Device Addressing 


A control byte is the first byte received following the 
START condition from the master device. The first part 
of the control byte consists of a 4-bit control code which 
is set to 1010 for normal read and write operations and 
0110 for writing to the write protect register. The control 
byte is followed by three chip select bits (A2, A1, AO). 
The chip select bits allow the use of up to eight 
24LCS52 devices on the same bus and are used to 
determine which device is accessed. The chip select 
bits in the control byte must correspond to the logic lev- 
els on the corresponding A2, A1 and AO pins for the 
device to respond. The device will not acknowledge if 
you attempt a read command with the control cone set 
to 0110. 
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The eighth bit of slave address determines if the master 
device wants to read or write to the 24LCS52 (Figure 3- 
2). When set to a one a read operation is selected and 
when set to a zero a write operation is selected. 


F Control 
| operation | Samtrol| Chip, | ay 





















Read 1010 
Write 1010 
Set Write Protect 0110 
Register 
FIGURE 3-2: CONTROL BYTE 
ALLOCATION 
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4.00 WRITE OPERATIONS 
4.1 Byte Write 


Following the start signal from the master, the device 
code (4 bits), the chip select bits (3 bits), and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24LCS52. After 


FIGURE 4-1: BYTE WRITE 


receiving another acknowledge signal from the 
24LCS52 the master device will transmit the data word 
to be written into the addressed memory location. The 
24LCS52 acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24LCS52 will not gener- 
ate acknowledge signals (Figure 4-1). If an attempt is 
made to write to the array when the software or hard- 
ware write protection has been enabled, the device will 
acknowledge the command but no data will be written. 
The write cycle time must be observed even if the write 
protection is enabled. 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LCS52 in the same way 
as in a byte write. But instead of generating a stop con- 
dition, the master transmits up to 15 additional data 
bytes to the 24LCS52 which are temporarily stored in 
the on-chip page buffer and will be written into the 
memory after the master has transmitted a stop condi- 
tion. After the receipt of each word, the four lower order 
address pointer bits are internally incremented by one. 
The higher order four bits of the word address remains 
constant. If the master should transmit more than 16 
bytes prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). If an attempt is 
made to write to the array when the hardware write pro- 
tection has been enabled, the device will acknowledge 
the command but no data will be written. The write 


cycle time must be observed even if the write protection 
is enabled. 
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FIGURE 4-2: PAGE WRITE 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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6.0 WRITE PROTECTION 


The 24LCS52 has a software write protect feature that 
allows the lower half of the array (addresses 00h - 7Fh) 
to be permanently write protected, as well as a WP pin 
that can be used to protect the entire array. 


6.1 Software Write Protect 


The software write protect feature is invoked by writing 
to the write protect register. This is done by sending a 
command similar to a normal write command. As 
shown in Figure 6-1, the write protect register is written 
by sending a write command with the slave address set 
to 0110 instead of 1010 and the address bits and data 
bits are don’t cares. Once the software write protect 
register has been written, the device will not acknowl- 
edge the 0110 control byte. Once the software write 
protect register has been written, the write protec- 
tion is enabled and cannot be reversed, even if the 
device is powered down. 


6.2 Hardware Write Protect 


The WP pin can be tied to Vcc, Vss, or left floating. If 
tied to Vcc, the entire array will be write protected, 
regardless of whether the software write protect regis- 
ter has been written or not. If the WP pin is set to Vcc, 
it will prevent the software write protect register from 
being written. If the WP is tied to Vss or left floating, 
then write protection is determined by the status of the 
software write protect register. 


FIGURE 6-1: SETTING WRITE PROTECT REGISTER 
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7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


7.1 Current Address Read 


The 24LCS52 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous read 
access was to address n, the next current address read 
operation would access data from address n+ 1. Upon 
receipt of the slave address with the R/W bit set to one, 
the 24LCS52 issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24LCS52 discontinues transmission (Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 


FIGURE 7-1: CURRENT ADDRESS READ 
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DATA n DATA n + 1 


24LCS52 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LCS52 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LCS52 dis- 
continues transmission (Figure 7-2). After this com- 
mand, the internal address counter will point to the 
address location following the one that was just read. 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LCS52 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LCS52 to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24LCS52 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


CONTROL 
BYTE 





DATA nN +2 
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7.4 Contiguous Addressing Across 
Multiple Devices : 


The chip select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 16K bits by 
adding up to eight 24LCS52 devices on the same bus. 
In this case, software can use AO of the control byte as 
address bit A8, A1 as address bit A9, and A2 as 
address bit A10. It is not possible to sequentially read 
across device boundaries. 


8.0 PIN DESCRIPTIONS 


8.1 SDA Serial Address/Data Input/ 
Output 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10kQ for 100 kHz, 2 kQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


8.3 AO, Ai, A2 





The levels on these inputs are compared with the cor- 
responding bits in the slave address. The chip is 
selected if the compare is true. 


Up to eight 24LCS52 devices may be connected to the 
same bus by using different chip select bit combina- 
tions. These inputs must be connected to either Vcc or 
Vss. 


8.4 WP 


This is the hardware write protect pin. It can be tied to 
Vcc, Vss, or left floating. If tied to Vcc, the hardware 
write protection is enabled. If the WP pin is tied to Vss 
the hardware write protection is disabled. If the WP pin 
is left floating, an internal pull down resistor will pull the 
WP pin to Vss and the hardware write protection will be 
disabled. 


8.5 Noise Protection 


The 24LCS52 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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NOTES: 
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24LCS52 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LCS52 — /P 


P = Plastic DIP (300 mil Body), 8-lead 
Package: SN = Plastic SOIC (150 mil Body), 8-lead 
ST = TSSOP, 8-lead 


Temperature Blank = 0°C to +70°C 
Range: I = —40°C to +85°C 


24LCS52.~—s- 2K I°C Serial EEPROM 


Device: 
re 24LCS52T 2K I2C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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2K 2.5V °C” Serial EEPROM 








FEATURES | PACKAGE TYPES 


° Single supply with operation from 2.5 to 5.5V PDIP/SOIC 
Low power CMOS technology 

- 1 mA active current typical 

- 10 uA standby current typical at 5.5V 
Organized as a single block of 128 bytes (256 x 8) 
Hardware write protection for entire array 
(24LC024) 


NN 
ab 
ree 2 
oOo 
o°o 
N ft 
 & 


¢ 2-wire serial interface bus, |?C compatible 

¢ 100kHz and 400kHz compatibility 

¢ Page-write buffer for up to 16 bytes 

¢ Self-timed write cycle (including auto-erase) 

¢ 3.5 ms typical write cycle time for page write 

¢ Address lines allow up to eight devices on bus 

¢ 1,000,000 erase/write cycles guaranteed 

¢ ESD protection > 4,000V 

¢ Data retention > 200 years 

¢ 8-pin PDIP, SOIC or TSSOP packages NP 

¢ Available for extended temperature ranges 2 = 
- Commercial (C): 0°C to +70°C 2 2 
- Industrial (I): -40°C to +85°C o> 

DESCRIPTION 


The Microchip Technology Inc. 24LC024/24LC025 is a 
2K bit Serial Electrically Erasable PROM with a voltage 
range of 2.5V to 5.5V. The device is organized as a 

single block of 256 x 8-bit memory with a 2-wire serial BLOCK DIAGRAM 
interface. Low current design permits operation with AO At A2 

typical standby and active currents of only 10 pA and 1 
mA respectively. The device has a page-write capabil- 


ity for up to 16 bytes of data. Functional address lines Memory 

allow the connection of up to eight 24L.C024/24LC025 Control EEPROM 

devices on the same bus for up to 16K bits of contigu- Logic XDEC 

ous EEPROM memory. The device is available in the ) Array 
| 





standard 8-pin PDIP, 8-pin SOIC (150 mil), and TSSOP 
packages. SDA SCL 





Write Protect 
Vec [_}—_» Circuit 


Vss[_}-—» DEC 


SENSE AMP 
R/W CONTROL 
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1.0 ELECTRICAL | TABLE 1-1: PIN FUNCTION TABLE 
- CHARACTERISTICS 
1.1. Maximum Ratings* Ground 
Cesc tatcea eda tae ie sles Meuse 7.0V Serial Data 
All inputs and eciputs w.r.t. VSS......-0.6V to Vcc +1.0V Serial Clock 
Storage teMPerature ........ssrecceerereeees -65°C to +150°C - +2.5V to 5.5V Power Supply 
Ambient temp. with power applied...... -65°C to +125°C 
Soldering temperature of leads (10 seconds) .. +300°C A0, Al, A2 | Chip Selects 
ESD protection on alll pins wo... .cesssssessessecsseseees >4kV WP Hardware Write Protect (24LC024) 
*Notice: Stresses above those listed under “Maximum ratings” may NC No internal connection 





cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


All parameters apply across the speci- | VCC = +2.5V to +5.5V 
fied operating ranges unless otherwise | Commercial (C): Tamb = 0°C to +70°C 
noted. Industrial (I): Tamb = -40°C to +85°C 


[Parameter | Symbot | win. | wax. | unite [ conditions 


SCL and SDA pins: 
High level input voltage 0.7 Vcc | 
Low level input voltage 0.3 Vcc 
Hysteresis of Schmitt trigger inputs 0.05 Vcc — (Note) 
Low level output voltage 0.40 loL = 3.0 mA, Vcc = 4.5V 
loL = 2.1 mA, Vcc = 2.5V 


Input leakage current _ VIN = 0.1V to 5.5V, WP = Vss 
Output leakage current | to =6| 10 | 10 |p VouT = 0.1V to 5.5V 


Pin capacitance (all inputs/outputs) CIN, COUT pF | Vcc = 5.0V (Note) 
Tamb = 25°C, f = 1 MHz 


sibel Ticewrte[— [3 | mA [Voc-s5vV 


Standby current Iccs wA |Vcc =5.5V, SDA = SCL = Vcc 
WP = Vss, AO, A1, A2 =Vss 


Note: This parameter is periodically sampled and not 100% tested. 
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TABLE 1-3: AC CHARACTERISTICS 


All parameters apply across the specified operat- 
ing ranges unless otherwise noted. 





Vcc = 2.5V to 5.5V 
Commercial (C): Tamb= 0O°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


Vcc = 2.5V - 5.5V | Vcc = 4.5V - 5.5V 
Parameter Symbol STD MODE FAST MODE 













































Glock requency a0 ee 
Clock high time : eo [| — [rn [ SS 
Glock low time i300 | — [ns | SSS 


i¢) 
Oo 
oO 


(Note 1) 
(Note 1) 
clock pulse is generated 


Only relevant for repeated 
START condition 


Tas [(Note2) 
cs ee 
— 
— 


SDA and SCL fall time | TF | — | 


START condition hold time 4000 


START condition setup time | TSu:sTA } 4700 


SDA and SCL rise time 
TF 


600 












Oo 
© 


Data input hold time 


Data input setup time 


STOP condition setup time 4000 


Output valid from clock | Ta | — | 


Bus free time TBUF 4700 


Ss 
Ss 
S 
250 (Note 1), Cp < 100 pF 
a (Note 3) 
10 Byte or Page mode 
1M cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 
Note 1: Not 100% tested. Cp = total capacitance of one bus line in pF. 


2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined TsP and VHYS specifications are due to Schmitt trigger inputs which provide improved noise 
spike suppression. This eliminates the need for a Tl specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 
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2.0 PIN DESCRIPTIONS 
2.1 SDA Serial Data 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


2.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


2.3 AO, Al, A2 


The levels on these inputs are compared with the cor- 
responding bits in the slave address. The chip is 
selected if the compare is true. 


Up to eight 24LC024/24LC025 devices may be con- 
nected to the same bus by using different chip select bit 
combinations. These inputs must be connected to 
either Vcc or Vss. 


2.4 WP (24LC024 only) 


This is the hardware write protect pin. It must be tied to 
Vcc or VSS. If tied to Vcc, the hardware write protection 
is enabled. If the WP pin is tied to Vss the hardware 
write protection is disabled. Note that the WP pin is 
available only on the 24LC024. This pin is not internally 
connected on the 24L.C025. 


2.5 Noise Protection 


The 24LC024/24LC025 employs a Vcc threshold 
detector circuit which disables the internal erase/write 
logic if the Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


3.0 FUNCTIONAL DESCRIPTION . 


The 24LC024/24LC025 supports a bi-directional 2-wire 
bus and data transmission protocol. A device that 
sends data onto the bus is defined as transmitter, and 
a device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener- 
ates the START and STOP conditions, while the 
24LC024/24LC025 works as slave. Both master and 
slave can operate as transmitter or receiver but the 
master device determines which mode is activated. 


SE ED LI I PE EE SET ST EE IT EE ERE LE TT I SP TT TE I EN TAS A IE IP LE ER STEEL I I ERIE LOTTIE, 


DS21210B-page 3-84 


© 1998 Microchip Technology Inc. 


24LC024/24LC025 





4.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. 

¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 4-1). 


4.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


4.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


4.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


4.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 







The data on the line must be changed during the LOW 
period of the clock signal. There is one bit of data per 
clock pulse. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six- 
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 


4.5 Acknowledge 


Each receiving device, when addressed, is required to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition (Figure 4- 
2). 





FIGURE 4-1: _DATATRANSFER SEQUENCE ON THE SERIAL BUS CHARACTERISTICS 
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FIGURE 4-2: ACKNOWLEDGE TIMING 
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t Receiver must release the SDA line at this point 
so the Transmitter can continue sending data. 


Transmitter must release the SDA line at this point 
allowing the Receiver to pull the SDA line low to 
acknowledge the previous eight bits of data. 
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5.0 DEVICE ADDRESSING 


A control byte is the first byte received following the 
start condition from the master device (Figure 5-1). The 
control byte consists of a four bit control code; for the 
24LC024/24LC025 this is set as 1010 binary for read 
and write operations. The next three bits of the control 
byte are the chip select bits (A2, A1, AO). The chip 
select bits allow the use of up to eight 24LC024/ 
24LC025 devices on the same bus and are used to 
select which device is accessed. The chip select bits in 
the control byte must correspond to the logic levels on 
the corresponding A2, A1, and AO pins for the device to 
respond. These bits are in effect the three most signifi- 
cant bits of the word address. 


The last bit of the control byte defines the operation to 
be performed. When set to a one a read operation is 
selected, and when set to a zero a write operation is 
selected. Following the start condition, the 24LC024/ 
24LC025 monitors the SDA bus checking the control 
byte being transmitted. Upon receiving a 1010 code 
and appropriate chip select bits, the slave device out- 
puts an acknowledge signal on the SDA line. Depend- 
ing on the state of the R/W bit, the 24LC024/24LC025 
will select a read or write operation. 





FIGURE 5-1: CONTROL BYTE FORMAT 
Read/Write Bit 
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5.1 Contiguous Addressing Across 
Multiple Devices 


The chip select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 16K bits by 
adding up to eight 24LC024/24LC025 devices on the 
same bus. In this case, software can use AO of the con- 
trol byte as address bit A8, A1 as address bit A9, and 
A2 as address bit A10. It is not possible to sequentially 
read across device boundaries. 
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6.0 WRITE OPERATIONS 
6.1 Byte Write 


Following the start signal from the master, the device 
code (4 bits), the chip select bits (3 bits), and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. The device will acknowledge this 
control byte during the ninth clock pulse. The next byte 
transmitted by the master is the word address and will 
be written into the address pointer of the 24LC024/ 
24LC025. After receiving another acknowledge signal 
from the 24LC024/24LC025 the master device will 
transmit the data word to be written into the addressed 
memory location. The 24LC024/24LC025 acknowl- 
edges again and the master generates a stop condi- 
tion. This initiates the internal write cycle, and during 
this time the 24LC024/24LC025 will not generate 
acknowledge signals (Figure 6-1). If an attempt is 
made to write to the protected portion of the array when 
the hardware write protection (24LC024 only) has been 
enabled, the device will acknowledge the command but 
no data will be written. The write cycle time must be 
observed even if the write protection is enabled. 


FIGURE 6-1: 


BYTE WRITE 


6.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC024/24LC025 in the 
same way as in a byte write. But instead of generating 
a stop condition, the master transmits up to 15 addi- 
tional data bytes to the 24LC024/24LC025 which are 
temporarily stored in the on-chip page buffer and will be 
written into the memory after the master has transmit- 
ted a stop condition. After the receipt of each word, the 
four lower order address pointer bits are internally 
incremented by one. The higher order four bits of the 
word address remains constant. If the master should 
transmit more than 16 bytes prior to generating the stop 
condition, the address counter will roll over and the pre- 
viously received data will be overwritten. As with the 
byte write operation, once the stop condition is 
received an internal write cycle will begin (Figure 6-2). 
If an attempt is made to write to the protected portion of 
the array when the hardware write protection has been 
enabled, the device will acknowledge the command but 
no data will be written. The write cycle time must be 
observed even if the write protection is enabled. 


6.3 WRITE PROTECTION 


The WP pin (available on 24LC024 only) must be tied 
to Vcc or Vss. If tied to Vcc, the entire array will be 
write protected. If the WP pin is tied to VSs, then write 
operations to all address locations are allowed. 
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FIGURE 6-2: PAGE WRITE 


s 
BUS ACTIVITY T 
MASTER A CONTROL 
R BYTE 


WORD 
ADDRESS (n) 


WORD 
ADDRESS DATA 


_ i ee a ee gk 
A A A 
Cc Cc Cc 


DATA n DATA n +1 


VOAD 


K K 


DATA n + 15 


one ee ee 
A A A A A 
C 
K 


BUS ACTIVITY 


K 





© 1998 Microchip Technology Inc. 


DS21210B-page 3-87 





Se BR re 


24LC024/24LC025 





7.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for awrite command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If no 
ACK is returned, then the start bit and control byte must 
be re-sent. If the cycle is complete, then the device will 
return the ACK and the master can then proceed with 
the next read or write command. See Figure 7-1 for 
flow diagram. 





FIGURE 7-1: ACKNOWLEDGE POLLING | 
FLOW 
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8.0 READ OPERATIONS 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


8.1 Current Address Read 


The 24LC024/24LC025 contains an address counter 
that maintains the address of the last word accessed, 
internally incremented by one. Therefore, if the previ- 
ous read access was to address n, the next current 
address read operation would access data from 
address n + 1. Upon receipt of the slave address with 
the R/W bit set to one, the 24LC024/24LC025 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24LC024/24LC025 
discontinues transmission (Figure 8-1). 


8.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC024/24LC025 as part of a write operation. After 
the word address is sent, the master generates a start 


FIGURE 8-1: CURRENT ADDRESS READ 
Ss 


s 
BUS ACTIVITY 
MASTER = A CONTROL 


condition following the acknowledge. This terminates 
the write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the R/W bit set to a one. The 24LC024/ 
24LC025 will then issue an acknowledge and transmits 
the eight bit data word. The master will not acknowl- 
edge the transfer but does generate a stop condition 
and the 24LC024/24LC025 discontinues transmission 
(Figure 8-2). After this command, the internal address 
counter will point to the address location following the 
one that was just read. | 


8.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC024/24LC025 
transmits the first data byte, the master issues an 
acknowledge as opposed to a stop condition in a ran- 
dom read. This directs the 24LC024/24LC025 to trans- 
mit the next sequentially addressed 8-bit word 
(Figure 8-3). 


To provide sequential reads the 24LC024/24LC025 
contains an internal address pointer which is incre- 
mented by one at the completion of each operation. 
This address pointer allows the entire memory contents 
to be serially read during one operation. The internal 
address pointer will automatically roll over from 
address OFFh to address 000h. 
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24LC024/24LC025 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


24L.C024/24LC025 — /P 


Plastic DIP (300 mil Body), 8-lead 
Package: Plastic SOIC (150 mil Body), 8-lead 
TSSOP, 8-lead 


Tempera- 0°C to +70°C 
ture 


Range: —40°C to +85°C 


24LC024 2K 1°C Serial EEPROM with WP 


24LC024T 2K 1°C Serial EEPROM with WP pin 
(Tape and Reel) 


24LC025 2K 1°C Serial EEPROM 
24LC025T 2K 1°C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets | 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 
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4K/8K 1.8V -C ~ Serial EEPROMs 





FEATURES PACKAGE TYPES 


e 


Single supply with operation down to 1.8V 
e Low power CMOS technology 

- 1 mA active current typical 

- 10 uA standby current typical at 5.5V 

- 3A standby current typical at 1.8V 


¢ Organized as 2 or 4 blocks of 256 bytes 
(2 x 256 x 8) or (4 x 256 x 8) 


2-wire serial interface bus, [?C™ compatible 
Schmitt trigger, filtered inputs for noise suppres- 


sion 8-lead AO oe 1 


Output slope control to eliminate ground bounce SOIC 
100 kHz (1.8V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 

¢ Hardware write protect for entire memory 

¢ Can be operated as a serial ROM 

ESD protection > 4,000V 14-Lead 
1,000,000 ERASE/WRITE cycles guaranteed soic 
Data retention > 200 years 

8-pin DIP, 8-lead or 14-lead SOIC packages 
Available for extended temperature ranges 


- Commercial (C): 0°C to +70°C 
- Industrial (I): -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 24AA04/08 is a 4K bit 
or 8K bit Electrically Erasable PROM. The device is 
organized as two or four blocks of 256 x 8-bit memory 
with a two wire serial interface. Low voltage design per- 
mits operation down to 1.8 volts with standby and 
active currents of only 3 yA and 1 mA respectively. The 
24AA04/08 also has a page-write capability for up to 16 
bytes of data. The 24AA04/08 is available in the stan- 
dard 8-pin DIP and both 8-lead and 14-lead surface 
mount SOIC packages. 


I2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 
CHARACTERISTICS 
: i Rati a 
1.1 Maximum Ratings 7 | vas Gund 
WC eich ssh cas oad soe eincuttenceuasutu apiece eek auaee ta 7.0V 
All inputs and outputs W.rt. VSS seessessesee -0.6V to VCC +1.0V 20S Soiandciese ave 
Storage teMperature .............ccscccccssscseeceeeesens -65°C to +150°C SCL Serial Clock 
Ambient temp. with power applied................. -65°C to +125°C ae 
Soldering temperature of leads (10 seconds)............. +300°C WP Write Protect Input 
ESD protection on alll Pins... eeeeseesecetsetsceeeees 2>4kV 


Vec +1.8V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum ratings” 
may cause permanent damage to the device. This is a stress rat- AO, Al, A2 No Internal Connection 
ing only and functional operation of the device at those or any 

other conditions above those indicated in the operational listings 

of this specification is not implied. Exposure to maximum rating 

conditions for extended periods may affect device reliability. 





TABLE 1-2: DC CHARACTERISTICS 


Vcc = +1.8V to +5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): = Tamb = -40°C to +85°C 


| __—Parameter__—— | Sym | Min__| Typ | Max | Units| Conditions | 


WP, SCL and SDA pins: 
High level input voltage 
Low Level input voltage 
Hysteresis of Schmitt trigger (Note) 
inputs 
Low level output voltage ; lo. = 3.0 mA, VCC = 1.8V 


VIN = .1V to Vcc 


Output leakage current VouT = .1V to Vcc 

Pin capacitance Vcc = 5.0V (Note 1) 

(all inputs/outputs) Tamb = 25°C, FCLK = 1 
MHz _ 


| Operating current | Vcc = 5.5V, SCL = 400 kHz 
Vcc = 1.8V, SCL = 100 kHz 
Vcc = 5.5V, SCL = 400 kHz 
Vcc = 1.8V, SCL = 100 kHz 


Standby current Vcc = 5.5V, SDA=SCL=Vcc 
Vcc = 3.0V, SDA=SCL=Vcc 
Vcc = 1.8V, SDA=SCL=Vcc 
WP =Vss 

Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 
















Vcc = 4.5-5.5V 
Standard Mode 
Parameter Fast Mode 





























Clock frequency Felk | — | 100 
Clock high time 
Clock low time 

SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 400 
START condition setup 470 


Data input hold time 





1300 


a 
no) 
“f 


= 


ote 1) 

ote 1) 

fter this period the first clock 
pulse is generated 


Only relevant for repeated 
START condition 
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oO 


Data input setup time 2 
STOP condition setup time 400 


Output valid from clock 


Bus free time TBUF 4700 


= 


Ns 
ns 


ote 2) 


ime the bus must be free before 
a new transmission can start 


(Note 1), CB < 100 pF 


+ 


1300 


Output fall time from ViH TOF 20 + 0.1 


min to ViL max 
Input filter spike suppres- TSP 
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ns 
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Write cycle time 
Endurance 


s | Byte or Page mode 


cycles | 25°C, Vcc = 5.0V, Block Mode 
(Note 4) 





anh, 
= 
N 
=| 
= O 
El j 





Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 
2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VuHyYs specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a T1 specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24AA04/08 supports a Bi-directional 2-wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener- 
ates the START and STOP conditions, while the 
24AA04/08 works as slave. Both master and slave can 
Operate as transmitter or receiver, but the master 
device determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 
e During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 





3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six- 
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 


FIGURE 3-1: _DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a four bit control code, for the 24AA04/08 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the block 
select bits (B2, B1, BO). B2 is a don't care for both the 
24AA04 and 24AA08; B1 is a don't care for the 
24AA04. They are used by the master device to select 
which of the two or four 256 word blocks of memory are 
to be accessed. These bits are in effect the most signif- 
icant bits of the word address. 


The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24AA04/08 monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the R/W bit, the 24AA04/08 will select a 
read or write operation. 


operation | “Saye. | BleckSaect | AW 
Read 1010 Block Address 
Write 1010 Block Address 
FIGURE 3-2: CONTROL BYTE 
ALLOCATION 
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FIGURE 4-1: BYTE WRITE 


BUS ACTIVITY 
MASTER 


SDA LINE 


BUS ACTIVITY 


FIGURE 4-2: PAGE WRITE 
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4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24AA04/08. After 
receiving another acknowledge signal from the 
24AA04/08 the master device will transmit the data 
word to be written into the addressed memory location. 
The 24AA04/08 acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24AA04/08 will not 
generate acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address, and the first data 
byte are transmitted to the 24AA04/08 in the same way 
as in a byte write. But instead of generating a stop con- 


dition, the master transmits up to 16 data bytes to the 


24AA04/08 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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6.0 WRITE PROTECTION 


The 24AA04/08 can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 





7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


The 24AA04/08 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24AA04/08 issues an 
acknowledge and transmits the 8-bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24AA04/08 discontinues 
transmission (Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA04/08 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24AA04/08 will then 
issue an acknowledge and transmits the 8-bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA04/08 dis- 
continues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24AA04/08 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA04/08 to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24AA04/08 contains 
an internal address pointer which is incremented by 
one at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. | 


7.4 Noise Protection 


The 24AA04/08 employs a Vcc threshold detector cir- 
cuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-3: SEQUENTIAL READ 
BUS ACTIVITY CONTROL 
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8.0 PIN DESCRIPTIONS 


8.1 SDA Serial Address/Data Input/ 
Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


DATA n + 1 





A 
C C 
K K 


DATA n +2 DATA n + X 


8.3 WP 


This pin must be connected to either VSs or Vcc. 


If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24AA04/08 as a 
serial ROM when WP is enabled (tied to Vcc). 


8.4 AO, A1, A2 


These pins are not used by the 24AA04/08. They may 
be left floating or tied to either VSs or Vcc. 
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24AA04/08 Product Identification System 


To order or obtain information (e.g., on pricing or delivery), please use listed part numbers, and refer to factory or listed sales 
offices.Sales and Support 


24AA04/08 - P = Plastic DIP (300 mil Body), 8-lead 
Packace: SL = Plastic SOIC (150 mil Bods 14-lead 
ge: SN = Plastic SOIC (150 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 


24AA04 ‘1.8K, 4K I?C Serial EEPROM 

24AA04T 1.8K, 4K I°C Serial EEPROM (Tape and Reel) 
24AA08 ‘1.8K, 8K I°C Serial EEPROM 

24AA08T 1.8K, 8K IC Serial EEPROM (Tape and Reel) 


Device: 


Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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FEATURES PACKAGE TYPES 


Single supply with operation down to 2.5V 
Low power CMOS technology 

- 1mA active current typical 

- 10 uA standby current typical at 5.5V 

- 5A standby current typical at 3.0V 
Organized as two or four blocks of 256 bytes 
(2 x 256 x 8) and (4 x 256 x 8) 

2-wire serial interface bus, I2?C™ compatible 
Schmitt trigger, filtered inputs for noise suppres- 
sion 

Output slope control to eliminate ground bounce 
100 kHz (2.5V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

Can be operated as a serial ROM 

Factory programming (QTP) available 

ESD protection > 4,000V 

1,000,000 erase/write cycles guaranteed 

Data retention > 200 years 

8-pin DIP, 8-lead or 14-lead SOIC packages 
Available temperature ranges: 

- Commercial (C): 0°C to +70°C 

- Industrial (I): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LC04B/08B is a 4K 
or 8K bit Electrically Erasable PROM. The device is 
organized as two or four blocks of 256 x 8-bit memory 
with a 2-wire serial interface. Low voltage design per- 
mits operation down to 2.5 volts with typical standby 
and active currents of only 5 uA and 1 mA respectively. 
The 24LC04B/08B also has a page-write capability for 
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up to 16 bytes of data. The 24LC04B/08B is available BLOCK DIAGRAM 
in the standard 8-pin DIP and both 8-lead and 14-lead 
surface mount SOIC packages. 


EEPROM ARRAY 
(2 x 256 x 8) or 
4X 256 X8 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 





I2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS 


1.1 Maximum Ratings* 
1 [0 (e RR ee EERO ON ECE Te A eR TN TON IEE MeO 7.0V 


All inputs and outputs w.r.t. VSS... -0.3V to Voc + 1.0V_ 
Storage temperature .............:cscsserseesssseeeees -65°C to +150°C 
Ambient temp. with power applied................. -65°C to +125°C 
Soldering temperature of leads (10 seconds)............. +300°C 
ESD protection on all PINs 0.0... cesceetsesesscesesesseees 24kV 


*Notice: Stresses above those listed under “Maximum ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


WP, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt trigger 
Inputs 
Low level output voltage 


Input leakage current 


VOL 

Iu 

ILO 
ICC READ 


Operating current 


Standby current 





TABLE 1-1: | PIN FUNCTION TABLE 


Vss Ground 
SDA Serial Address/Data I/O 


SCL Serial Clock 

WP Write Protect Input 

Vcc +2.5V to 5.5V Power Supply 
AO, A1, A2 No Internal Connection. 





VCC = +2.5V to +5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


(Note) 


IOL = 3.0mA, Vcc = 2.5V 


VIN = .1V to VCC 
VouT = .1V to Vcc 


Vcc = 5.0V (Note) 
Tamb = 25°C, Fclk = 1 MHz 


3 m Vcc = 5.5V, SCL = 400 kHz 
1 mA 


A 
LA 


Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 


STANDARD | Vcc = 4.5-5.5V 
Parameter Symbol MODE FAST MODE Remarks 


Clock frequency | Fok | — | 
Clock high time 
Clock low time 
SDA and SCL rise time 
TF 300 


SDA and SCL fall time 


START condition hold time . | THp:sta | 4000 fan 
START condition setup time 4700 Kaa 


Data input hold time /THp:pat]| =O | 
Data input setup time 100 il 
: Lee 
a 



































oO 
io) 


130 
30 


300 ns | (Note 1) | 


© 


OQ 
jo) 


STOP condition setup time 4000 | — | 
Output valid from clock 


Bus free time TBUF 4700 


Output fall time from VIH min TOF 
to VIL max | 


Input filter spike suppression 
(SDA and SCL pins) 


Write cycle time 
Endurance 





Time the bus must be free 
before a new transmission can 








Note 1: Not 100% tested. Cp = total capacitance of one bus line in pF. 
2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model whcih can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC04B/08B supports a Bi-directional 2-wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener- 
ates the START and STOP conditions, while the 
24LC04B/08B works as slave. Both, master and slave 
can operate as transmitter or receiver but the master 
device determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





he 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 


' the master to generate the STOP condition. 


FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


START ADDRESS OR 
CONDITION ACKNOWLEDGE 
VALID 


%, 


ON Nad Nu 


DATA STOP 
ALLOWED CONDITION 
TO CHANGE 








DS21051F-page 3-102 


© 1998 Microchip Technology Inc. 


24LC04B/08B 





3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a 4-bit control code, for the 24LC04B/ 
O8B this is set as 1010 binary for read and write opera- 
tions. The next three bits of the control byte are the 
block select bits (B2, B1, BO). B2 is a don't care for 
both the 24LC04B and 24LCO8B; B1 is a don't care for 
the 24LCO4B. They are used by the master device to 
select which of the two or four 256 word blocks of mem- 
ory are to be accessed. These bits are in effect the 
most significant bits of the word address. 

The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24LC04B/08B moni- 
tors the SDA bus checking the device type identifier 
being transmitted, upon a 1010 code the slave device 
outputs an acknowledge signal on the SDA line. 
Depending on the state of the R/W bit, the 24LC04B/ 
O8B will select a read or write operation. 


: Control 
cnt 3 |_eerean_ | v_ 
Read 1010 Block Address 1 
Write 1010 Block Address 0 
FIGURE 3-2: CONTROL BYTE 


ALLOCATION 
START ee 


z SLAVE ADDRESS az 
BOnoooo 


= Don’t care. B1 is don’t care for 24LC04B. 














FIGURE 4-1: BYTE WRITE 


BUS ACTIVITY ; CONTROL 
MASTER 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24LC04B/08B. After 
receiving another acknowledge signal from the 
24LC04B/08B the master device will transmit the data 
word to be written into the addressed memory location. 
The 24LC04B/08B acknowledges again and the mas- 
ter generates a stop condition. This initiates the inter- 
nal write cycle, and during this time the 24LC04B/08B 
will not generate acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC04B/08B in the same 
way as in a byte write. But instead of generating a stop 
condition the master transmits up to 16 data bytes to 
the 24LC04B/08B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 


WORD 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 5-1 for flow dia- 
gram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 
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Did Device 
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Next 
Operation 


6.0 WRITE PROTECTION 


The 24LC04B/08B can be used as a serial ROM when 
the WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 





7.0 READ OPERATION . 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


- The 24LC04B/08B contains an address counter that 


maintains the address of the last word accessed, inter- 
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W bit set to one, the 
24LC04B/08B issues an acknowledge and transmits 
the 8-bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24L_C04B/08B discontinues transmission (Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LCO4B/08B as part of a write operation. After the 
word address is sent, the master generates a start con- 
dition following the acknowledge. This terminates the 
write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the R/W bit set to a one. The 24LC04B/ 
08B will then issue an acknowledge and transmits the 
8-bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24LC04B/08B discontinues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC04B/08B transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24LC04B/08B to transmit the next sequen- 
tially addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24LC04B/08B con- 
tains an internal address pointer which is incremented 
by one at the completion of each operation. This 
address pointer allows the entire memory contents to 
be serially read during one operation. 


7.4 Noise Protection 


The 24LC04B/08B employs a Vcc threshold detector 
circuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PIN DESCRIPTIONS 8.3 WP 

8.1 SDA Serial Address/Data Input/ This pin must be connected to either Vss or VCC. 
Output If tied to VSs, normal memory operation is enabled 

This is a Bi-directional pin used to transfer addresses {read/write the entire memory). 

and data into and data out of the device. It is an open If tied to Vcc, WRITE operations are inhibited. The 

drain terminal, therefore the SDA bus requires a pullup entire memory will be write-protected. Read operations 

resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for are not affected. 

400 kHz). This feature allows the user to use the 24LC04B/08B 

For normal data transfer SDA is allowed to change only as a serial ROM when WP is enabled (tied to Vcc). 

during SCL low. Changes during SCL high are 

reserved for indicating the START and STOP condi- 8.4 AO, Ai, A2 

ons These pins are not used by the 24LC04B/08B. They 

8.2 SCL Serial Clock may be left floating or tied to either Vss or VCc. 


This input is used to synchronize the data transfer from 
and to the device. 
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24LC04B/08B Product Identification System 





To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LCO04B/08B - /P 


L Package: 


Temperature 
Range: 


Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 14-lead 
Plastic SOIC (150 mil Body), 8-lead 
Plastic SOIC (207 mil Body), 8-lead 


0°C to +70°C 
-40°C to +85°C 


2reeu 


S 
S 
SM 


w 
pa) 
a} 
— 


24LC04B 4K [°C Serial EEPROM 
Device: 24LCO4BT 4K1 °C Serial EEPROM (Tape and Reel) 
24LC08B_ ——-8K1 °C Serial EEPROM 
24LCO4BT 8K 12C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Woridwide Web Site (www.microchip.com) 
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MicROCHIP 
™ - 
4K 5.0V 7-C Serial EEPROM 

FEATURES PACKAGE TYPES 
¢ Low power CMOS technology 
¢ Hardware write protect 
¢ Two wire serial interface bus, I@C™ compatible 
e 5.0V only operation 
¢ Self-timed write cycle (including auto-erase) 
e¢ Page-write buffer 
¢ 1 ms write cycle time for single byte 
¢ 1,000,000 Erase/Write cycles guaranteed 
¢ Data retention >200 years 
¢ 8-pin DIP/SOIC packages 
e Available for extended temperature ranges 

- Commercial (C): 0°C to +70°C 

- Industrial (I): -40°C to +85°C 

- Automotive (E): -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 24C04A is a 4K bit 
Electrically Erasable PROM. The device is organized 
as with a standard two wire serial interface. Advanced 
CMOS technology allows a significant reduction in 
power over NMOS serial devices. A special feature 
provides hardware write protection for the upper half of 
the block. The 24C04A has a page write capability of 
up to eight bytes, and up to four 24C04A devices may 
be connected to the same two wire bus. 


This device offers fast (ims) byte write and 
extended (-40°C to 125°C) temperature operation. 
It is recommended that all other applications use 
Microchip’s 24LC0O4B. 


I7C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: = PIN FUNCTION TABLE 
1.1 “Maximum Ratings* 

VOC vcisscassastoccactye Suiidaenacpasie tues suvea ce auctancateessacautetuexteseonaes 7.0V . Function - Must be connected to 
All inputs and outputs wart. VSS... -0.6V to Voc +1.0V cc or Vss 

Storage temperature ...........cccccccssssstessveseees -65°C to +150°C Chip Address Inputs 
Ambient temp. with power applied................. -65°C to +125°C Ground 

Soldering temperature of leads (10 seconds) ............. +300°C : 

ESD protection On alll PiINS................cccccecssessreeeeceesteneesees 4kV serial Address/Data I/O 
*Notice: Stresses above those listed under “Maximum ratings” Sata clocks 

may cause permanent damage to the device. This is a stress rat- Write Protect Input 

ing only and functional operation of the device at those or any +5V Power Supply 





other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 
Voc = +5V (410%) Commercial (C): Tamb = 0°C to +70°C 


Industrial (I): Tamb = -40°C to +85°C 
[Parameter | Symbol 


Automotive (E): Tamb= -40°C to +125°C 
Vcc detector threshold 2.8 


ae ee ee 
SCL and SDA pins: 
VIH Vcc x0.7| Vcc +1 
VIL -0.3 : 
VOL ; 


High level input voltage 


Low level input voltage 
0 
3.5 | 
4.25 
750 


Low level output voltage 
Al & A2 pins: 

High level input voltage 
Standby current fa a 100 
Note: This parameter is periodically sampled and not 100% tested 
FIGURE 1-1: BUS TIMING START/STOP 















Conditions 

















loL = 3.2 mA (SDA only) 












Low level input voltage 








VIN = OV to Vcc 

VouT = OV to. Vcc 
Vin/VouT = OV (Note) 
Tamb = +25°C, f = 1 MHz 
FCLK = 100 kHz, program cycle time = 1 ms, | 
Vcc = 5V, Tamb = 0°C to +70°C 

FCLK = 100 kHz, program cycle time = 1 ms, 
Vcc = 5V, Tamb = (I) and (E) 

Vcc = 5V, Tamb= (C), (I) and (E) 


> 






Pin capacitance CIN, 
(all inputs/outputs) CouT 


Operating current 


> 





m 
m 
LL 


pF 
A 
A 
A 
uA |SDA=SCL=Vcc=5V (no PROGRAM active) 
WP/TEST = Vss, AO, A1, A2 = Vss 
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TABLE 1-3: AC CHARACTERISTICS 


| __Parameter__—_—_| Symbol |_Min._| Typ | 
Clock frequency | FOLK | 
Clock high time | THIGH 
Clock low time 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time THD:STA 400 





kHz 


2 




















al 
O 
ee 
A 


A his 
N NiO 
°o O19 
ro) oR To) 


al 
<x 
a) 
x= 


After this period the first 
clock pulse is generated 


— —_ ns Oniy relevant for repeated 
START condition 


a a 
or anaes 
(Note 1) 


O 


18 
Oo 
oO 


aah, 
eo) 
oO 
oO 





START condition setup time 


Data input hold time 
Data input setup time 
Data output delay time 


STOP condition setup time 470 


ns 
ns 
Bus free time 4700 Time the bus must be free 
before a new transmission 
can start 
Input filter time constant ns 
(SDA and SCL pins) 
Program cycle time Byte mode 
ms Page mode, N=# of bytes 
Endurance oe 1 25°C, Vcc = 5.0V, Block 
Mode (Note 2) 

Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min- 

imum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUSTIMING DATA 
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300 
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2.0 FUNCTIONAL DESCRIPTION 


The 24C04A supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be con- 
trolled by a master device which generates the serial 
ciock (SCL), controls the bus access, and generates 
the START and STOP conditions, while the 24CO4A 
works as slave. Both master and slave can operate as 
transmitter or receiver but the master device deter- 
mines which mode is activated. 


Up to four 24C04As can be connected to the bus, 
selected by A1 and A2 chip address inputs. AO must 
be tied to Vcc or Vss. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 





(B) 


ADDRESS OR 
CONDITION ACKNOWLEDGE 
VALID 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 


(D) 


"@:0. 0-0, 0-6-4 
OXKXO) 
r OLS 


a. GS . a . GS. GS. Sa —. 


DATA STOP 
ALLOWED CONDITION 
TO CHANGE 
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4.0 SLAVE ADDRESS 


The chip address inputs A1 and A2 must be externally 
connected to either Vcc or ground (Vss), thereby 
assigning aunique address to each device. AO is not 
used on the 24C04A and must be connected to either 
Vcc or Vss. Up to four 24CO4A devices may be con- 
nected to the bus. Chip selection is then accomplished 
through software by setting the bits A1 and A2 of the 
slave address to the corresponding hard-wired logic lev- 
els of the selected 24C04A. After generating a START 
condition, the bus master transmits the slave address 
consisting of a 4-bit device code (1010), followed by the 
chip address bits AO, A1 and A2. The seventh bit of that 
byte (AO) is used to select the upper block (addresses 
100—1FF) or the lower block (addresses 0O00O—OFF) of 
the array. 


The eighth bit of the slave address determines if the 
master device wants to read or write to the 24CO4A 
(Figure 4-1). 


The 24CO4A monitors the bus for its corresponding 
slave address all the time. It generates an acknowl- 
edge bit if the slave address was true and it is not ina 
programming mode. 


FIGURE 4-1: SLAVE ADDRESS 
ALLOCATION 





START READ/WRITE 


BOG MEIEK 





5.0 BYTE PROGRAM MODE 


In this mode, the master sends addresses and one 
data byte to the 24C04A. 


Following the START signal from the master, the 
device code (4-bits), the slave address (3-bits), and the 
RW bit, which is logic LOW, are placed onto the bus by 
the master. This indicates to the addressed 24C04A 
that a byte with a word address will follow after it has 
generated an acknowledge bit. Therefore the next byte 
transmitted by the master is the word address and will 
be written into the address pointer of the 24CO4A. After 
receiving the acknowledge, the master device trans- 
mits the data word to be written into the addressed 
memory location. The 24C04A acknowledges again 
and the master generates a STOP condition. This ini- 
tiates the internal programming cycle (Figure 6-1). 
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6.0 PAGE PROGRAM MODE 


To program the master sends addresses and data to 
the 24C04A which is the slave (Figure 6-1 and 
Figure 6-2). This is done by supplying a START condi- 
tion followed by the 4-bit device code, the 3-bit slave 
address, and the R/W bit which is defined as a logic 
LOW for a write. This indicates to the addressed slave 
that a word address will follow so the slave outputs the 
acknowledge pulse to the master during the ninth clock 
pulse. When the word address is received by the 
24C04A, it places it in the lower 8 bits of the address 
pointer defining which memory location is to be written. 
(The AO bit transmitted with the slave address is the 
ninth bit of the address pointer). The 24C04A will gen- 
erate an acknowledge after every 8-bits received and 
store them consecutively in a RAM (8 bytes maximum) 
buffer until a STOP condition is detected. This STOP 
condition initiates the internal programming cycle.. If 
more than 8 bytes are transmitted by the master, the 
24C04A will roll over and overwrite the data beginning 
with the first received byte. This does not affect erase/ 
write cycles of the EEPROM array and is accomplished 


FIGURE 6-1: BYTE WRITE 


BUS ACTIVITY CONTROL 
MASTER BYTE 


SDA LINE 


| BUS ACTIVITY 


FIGURE 6-2: PAGE WRITE 


BUS ACTIVITY 
MASTER CONTROL 


WORD 
ae ADDRESS Raeubaie 


as a result of only allowing the address registers bot- 
tom 3 bits to increment while the upper 5 bits remain 
unchanged. 


If the master generates a STOP condition after trans- 
mitting the first data word (Point ‘P’ on Figure 6-1), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received data bytes in the page 
buffer will be written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes. 


WORD 
ADDRESS 





S 
T 
DATA n DATAn +1 DATAn+7 =O 
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BUS ACTIVITY 
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7.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once ihe stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 7-1 for flow diagram. 


FIGURE 7-1: ACKNOWLEDGE POLLING 
FLOW 


Send : 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Control Byte | 
with R/W =0 


Did Device ~ 
Acknowledge 


YES 
Next 
Operation 





8.0 WRITE PROTECTION 


Programming of the upper half of the memory will not 
take place if the WP pin is connected to Vcc (+5.0V). 
The device will accept slave and word addresses but if 
the memory accessed is write protected by the WP pin, 
the 24C04A will not generate an acknowledge after the 
first byte of data has been received, and thus the pro- 
gram cycle will not be started when the STOP condition 
is asserted. 
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9.0 READ MODE 


In this mode the 24C0O4A transmits data to the master 
devide. 


As can be seen from Figure 9-2 and Figure 9-3, the 
master first sets up the slave and word addresses by 
doing a write. (Note: Although this is a read mode, the 
address pointer must be written to). During this period 
the 24C04A generates the necessary acknowledge 
bits as defined in the appropriate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs 
the data from the addressed location on to the SDA pin, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This auto-increment sequence is 
only aborted when the master sends a STOP condition 
instead of an acknowledge. 





FIGURE 9-1: CURRENT ADDRESS READ 
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FIGURE 9-2: RANDOM READ 
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FIGURE 9-3: SEQUENTIAL READ 
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10.0 PIN DESCRIPTION 


10.1 AO, A1, A2 Chip Address Inputs 


AO is not used as a chip select bit and must be tied to 
either Vss_ or Vcc. The levels on the remaining two 
address inputs(A1, A2) are compared with the corre- 
sponding bits in the slave address. The chip is 
selected if the compare is true. These inputs must be 
connected to either Vss or VCc. 


These two address inputs allow up to four 24C04A's 
can be connected to the bus 


10.2 SDA Serial Address/Data Input/ 
Output _ 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10KQ). 


For normal data transfer, SDA is allowed to change 
only during SCL LOW. Changes during SCL HIGH are 
reserved for indicating the START and STOP condi- 
tions. 


10.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


10.4 WP Write Protection 


This pin must be connected to either Vcc or Vss. If tied 
to Vcc, write operations to the upper memory block will 
not be executed. Read operations are possible. 


If tied to VSS, normal memory operation is enabled 
(read/write the entire memory). 


This feature allows the user to assign the upper half of 
the memory as ROM which can be protected against 
accidental programming. When write is disabled, slave 
address and word address will be acknowledged but 
data will not be acknowledged. 
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24C04A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. . 


24C04A - /P 





SN = Plastic SOIC (160 mil Body), 8+ 

: lastic SOIC (150 mil Body), 8-lead 

Package: SM = Plastic SOIC (207 mil Body), 8-lead 
SL = Plastic SOIC (150 mil Body), 14-lead 


Blank = 0°C to +70°C 
Temperature -40°C to +85°C 
Range: 
E = -40°C to +125°C 


24C04A_ 4K [°C Serial EEPROM 
24CO04AT 4K IC Serial EEPROM (Tape and Reel) 


| Device: 


Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 





‘ , 
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MicROcHIP 24C08B/16B 


8K/16K 5.0V 2C Serial EEPROMs 











FEATURES PACKAGE TYPES 


Single supply with operation from 4.5-5.5V 
Low power CMOS technology 

- 1mA active current typical 

- 10 pA standby current typical at 5.5V 
Organized as 4 or 8 blocks of 256 bytes 

(4 x 256 x 8) or (8 x 256 x 8) 

2-wire serial interface bus, IC™ compatible 
Schmitt trigger, filtered inputs for noise suppres- 
sion 

Output slope control to eliminate ground bounce 
100 kHz compatibility 

Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 
Can be operated as a serial ROM 

ESD protection > 4,000V 

1,000,000 ERASE/WRITE cycles guaranteed 
Data retention > 200 years 

8-pin DIP, 8-lead or 14-lead SOIC packages 
Available for extended temperature range 


- Commercial (C): O°C to +70°C 
- Industrial (I): -40°C to +85°C 
- Automotive (E): -40°C to +125°C 


DESCRIPTION 


The Microchip Technology Inc. 24C08B/16B is an 8K 
or 16K bit Electrically Erasable PROM intended for use 
in extended/automotive temperature ranges. The 
device is organized as four or eight blocks of 256 x 8- 
bit memory with a 2-wire serial interface. The 24C08B/ 
16B also has a page-write capability for up to 16 bytes 
of data. The 24C08B/16B is available in the standard 8- 
pin DIP and both 8-lead and 14-lead surface mount 
SOIC packages. 


g9l/as0ore 
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I2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 





1.1. Maximum Ratings*: 

VGC risifaticccavesteaidasnvsucs tolerances tastes los oaaee ens 7.0V Ground 

All inputs and outputs w.r.t. VSS ............... -0.6V to Vcc +1.0V 

Storage teMPErAture .......-sssesessecsseeseeceeseeeseee -65°C to +150°C Serial Address/Data /O 
Ambient temp. with power applied................. -65°C to +125°C : 

Soldering temperature of leads (10 seconds).............. +300°C Serial Clock 

ESD protection On alll Pins 0.0.0... cecsscessessesseseesesseeseeseeeses 24kV Write Protect Input 

*Notice: Stresses above those listed under “Maximum ratings” 

may cause permanent damage to the device. This is a stress rat- +4.5V to 5.5V Power Supply 
ing only and functional operation of the device at those or any AO. Al. A2 No Internal Connection 


other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +4.5V to +5.5V 

Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 
Automotive (E): | Tamb = -40°C to +125°C 


WP, SCL and SDA pins: 
High level input voltage 


Low Level input voltage 
Hysteresis of Schmitt trigger | (Note) 


inputs 
Low level output voltage 


Input leakage current | tu | 


loL = 3.0 mA, VCc=4.5V 


VIN =.1V to Voc 


VOL _ 
we | -t0 | to | 
Output leakage current | to | to | 10 | WA |Vout=.1VtoVeo 
Pin capacitance een, = | ey pF | Vcc = 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25°C, FctK=1 MHz 
| Icc read mA 
Standby current Race eae Me Bae Vcc = 5.5V, SDA = SCL = Vcc 
WP =Vss 


Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 


|___Parameter__|_Symbol_| Min | Max _| Units | Remarks 
Clock frequency 0 Hz 
Clock high time 4000 
Clock low time 4700 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time THD:STA 4000 


START condition setup 4700 


Data input hold time 
Data input setup time 250 
























ak 


io) 





Note 1) 

Note 1) 
After this period the first clock 
pulse is generated 
Only relevant for repeated 
START condition 


300 


ns 


(Note 2) 


Time the bus must be free before 
a new transmission can start 


250 ns (Note 1), CB < 100 pF 






1) 
oO 
Oo 
12) 
a 
” 


STOP condition setup time 4000 
Output valid from clock 

Output fall time from VIH 

min to VIL max 

sion (SDA and SCL pins) 

Write cycle time ms 


Byte or Page mode 


25°C, Vcc = 5.0V, Block Mode 
(Note 4) 


Bus free time 4700 
Input filter spike suppres- 
Endurance 


1M 


= 
3 
O 
-| o 
o| oOo 


Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a T! specification. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 


TSU:STA—> 
TSU:DAT TSU:STO—> 
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2.0 FUNCTIONAL DESCRIPTION 


The 24C08B/16B supports a Bi-directional 2-wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener- 
ates the START and STOP conditions, while the 
24C08B/16B works as slave. Both, master and slave 
can operate as transmitter or receiver but the master 
device determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. — 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


FIGURE 3-1: 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one 3 clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that Bacewedses: has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end of 
data to the slave by NOT generating an acknowledge 
bit on the last byte that has been clocked out of the 
slave. In this case, the slave (24C08B/16B) will leave 
the data line HIGH to enable the master to generate the 
STOP condition. 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


ae: 
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ADDRESS OR DATA 
ACKNOWLEDGE ALLOWED 
VALID TO CHANGE 


STOP 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a 4-bit control code, for the 24C08B/16B 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the block 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect the 
three most significant bits of the word address. 


The tast bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24C08B/16B monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the R/W bit, the 24C08B/16B will select a 
read or write operation. 


; Control 
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FIGURE 3-2: CONTROL BYTE 
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4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24C08B/16B. After 
receiving another acknowledge signal from the 
24C08B/16B the master device will transmit the data 
word to be written into the addressed memory location. 
The 24C08B/16B acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24C08B/16B will 
not generate acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C08B/16B in the same 
way as in a byte write. But instead of generating a stop 
condition the master transmits up to 16 data bytes to 
the 24C08B/16B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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6.0 WRITE PROTECTION 


The 24C08B/16B can be used as a serial ROM when 
the WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 





7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


The 24C08B/16B contains an address counter that 
maintains the address of the last word accessed, inter- 
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to 
address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W bit set to one, the 
24C08B/16B issues an acknowledge and transmits the 
8-bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24C08B/16B discontinues transmission (Figure 7-1). 


7.2. Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C08B/16B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24C08B/16B will then 
issue an acknowledge and transmits the 8-bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24C08B/16B 
discontinues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24C08B/16B transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24C08B/16B to transmit the next sequen- 
tially addressed 8 bit word (Figure 7-3). 


To provide sequential reads the 24C08B/16B contains 
an internal address pointer which is incremented by 
one at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


7.4 Noise Protection 


The 24C08B/16B employs a Vcc threshold detector 
circuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PIN DESCRIPTIONS 8.3 WP 
8.1 SDA Serial Address/Data Input/ This pin must be connected to either Vss or Vcc. 
Output If tied to VSS, normal memory operation is enabled 


(read/write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24C08B/16B as 
a serial ROM when WP is enabled (tied to Vcc). 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to VCC (typical 10 kQ). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 








reserved for indicating the START and STOP condi- 8.4 AO. Ai. A2 
tions. 
8.2 SCL Serial Clock These pins are not used by the 24C08B/16B. They 


may be left floating or tied to either Vss or Vcc. 
This input is used to synchronize the data transfer from 
and to the device. 
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24C08B/16B Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24CO8B/16B - E /P 





P = Plastic DIP (300 mil Body), 8-lead 
Package: SL = Plastic SOIC (150 mil Body), 14-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 


E = -40°C to +125°C 


24C08B- ~—s- 8K IC. Serial EEPROM 

24C08BT- 8K I7C Serial EEPROM (Tape and Reel) 
24C16B 16K I2C Serial EEPROM 

24C16BT 16K I?C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP: 24AA1 6 


16K 1.8V 7-C” Serial EEPROM 








FEATURES PACKAGE TYPES 


Singie suppiy with operation down to 1.8V 

Low power CMOS technology 

- 1 mA active current typical 

- 10 uA standby current typical at 5.5V 

- 3A standby current typical at 1.8V 
Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
2-wire serial interface bus, I7C™ compatible 
Schmitt trigger, filtered inputs for noise suppres- 
sion 

Output slope control to eliminate ground bounce 
100 kHz (1.8V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

Can be operated as a serial ROM 

ESD protection > 4,000V 

1,000,000 erase/write cycles guaranteed 

Data retention > 200 years 

8-pin DIP, 8-lead or 14-lead SOIC packages 
Available for extended temperature ranges 

- Commercial (C): 0’°C to +70°C 

- Industrial (I): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24AA16 is a 1.8 volt 
16K bit Electrically Erasable PROM. The device is 
organized as eight blocks of 256 x 8-bit memory with a 
2-wire serial interface. Low voltage design permits 
operation down to 1.8 volts with standby and active cur- 
rents of only 3 A and 1 mA, respectively. The 24AA16 
also has a page-write capability for up to 16 bytes of 
data. The 24AA16 is available in the standard 8-pin DIP 
and both 8-lead and 14-lead surface mount SOIC pack- 
ages. 





1°C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
11 masini 

MOC Siervatal a aieaninnancuscrevepuadoneveiaiuses aernspartowistea ce icra ane 7.0V round 

All inputs and outputs w.rt. VSS «0... -0.6V to Vcc +1.0V Serial Address/Data I/O 
Storage temperature ............ccreccceeeneeeeeeees -65°C to +150°C | Serial Clock 

Ambient temp. with power applied ... ods Bee to +125°C : 

Soldering temperature of leads (10 seconds)... ..- +300°C gs Write Protect Input 

ESD protection on alll Pins .............cccccccesscesssseesessessesneeees 24kV +1.8V to 5.5V Power Supply 
“Notice: Stresses above those listed under “Maximum ratings” 2 Al, No Internal Connection 





may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = 1.8V to +5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (1): Tamb = -40°C to +85°C 


|____Parameter_(| Symbol | Min_| Typ | Max |Units| Conditions 


WP, 'WP,SCLandSDApins:  —S pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt trigger inputs (Note) 
Low level output voltage | lo. = 3.0 mA, Vcc = 1 BV 


Same IE TE 
Output leakage current | ho io 4a [veur= Vio ves 
(all inputs/outputs) Cour Tamb = 25°C, Feik = 1 MHz 
Operating current | Vcc = 5.5V, SCL = 400 kHz 
Vcc = 1.8V, SCL = 100 kHz 
Vcc = 5.5V, SCL = 400 kHz 
| | | | Vcc = 1.8V, SCL = 100 kHz 
Standby current Vcc = 5.5V, SDA=SCL=Vec 
Vcc = 3.0V, SDA=SCL=Vcc 
Vcc = 1.8V, SDA=SCL=Vcc 
| WP = Vss 
Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 
















STANDARD Vcc = 4.5-5.5V 
Parameter Symbol MODE FAST MODE Remarks 


























Clock frequency 
Clock high time 
Clock low time 
SDA and SCL rise time 
[SDA and SCL fall me 


START condition hold THo:sta | 4000 


time 

START condition setup 4700 
Data input hold time 

Data input setup time 

STOP condition setup TSU:STO 4000 
time | 


Output valid from clock 


Bus free time TBUF 4700 


zh 


400 
4700 


é) 

oO 

© 
fifi : 
© 
oO 
a 
Prd I 












(Note 1) 
300 ns___| (Note 1) | 


clock pulse is generated 
Only relevant for repeated 
START condition 








— 
o) 
oO 


Time the bus must be free 
before a new transmission 
can start 


250 (Note 1), Ca < 100 pF 


50 (Note 3) 


Byte or Page mode 


25°C, Vec = 5.0V, Block 
Mode (Note 4) 
Note 1: Not 100% tested. Ca = total capacitance of one bus line in pF. 


2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions 

3: The combined Tsp and Vrys =specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24AA16 supports a Bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA16 works 
as slave. Both, master and slave can operate as trans- 


mitter or receiver but the master device determines 


which mode is activated. 
3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 


During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
Ail commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 






3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in sucha 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 


_ the master to generate the STOP condition. 


FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Device Addressing 


A control byte is the first byte received following the start 
condition from the master device. The control byte con- 
sists of a 4-bit control code, for the 24AA16 this is set as 
1010 binary for read and write operations. The next 
three bits of the control byte are the block select bits (B2, 
B1, BO). They are used by the master device to select 
which of the eight 256 word blocks of memory are to be 
accessed. These bits are in effect the three most signif- 
icant bits of the word address. It should be noted that the 
protocol limits the size of the memory to eight blocks of 
256 words, therefore the protocol can support only one 
24AA16 per system. 


The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24AA16 monitors the 
SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the R/W bit, the 24AA16 will select a read 
or write operation. 


: Control 
Operation Block Select | RA 
Read 1010 Block Address 1 
Write 1010 Block Address 0 
FIGURE 3-2: CONTROL BYTE 
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4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24AA16. After 
receiving another acknowledge signal from the 
24AA16 the master device will transmit the data word 
to be written into the addressed memory location. The 
24AA16 acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24AA16 will not generate 
acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA16 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion the master transmits up to sixteen data bytes to the 
24AA16 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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6.0 WRITE PROTECTION 


The 24AA16 can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 






7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


The 24AA16 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24AA16 issues an acknowl- 
edge and transmits the 8-bit data word. The master will 
not acknowledge the transfer but does generate a stop 
condition and the 24AA16 discontinues transmission 
(Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access - 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA16 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the contro! byte again but 
with the R/W bit set to a one. The 24AA16 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA16 dis- 
continues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24AA16 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA16 to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24AA16 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


7.4 Noise Protection 


The 24AA16 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PIN DESCRIPTIONS 


8.1 SDA Serial Address/Data Input/ 
Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz) from 24LC04B/08B. 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


DATA n + 1 





K K 





DATA nN +2 DATA n + X 


8.3 WP 


This pin must be connected to either VSs or VCC. 


If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24AA16 as a 
serial ROM when WP is enabled (tied to Vcc). 


8.4 AO, A1, A2 





These pins are not used by the 24AA16. They may be 
left floating or tied to either Vss or Vcc. 
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24AA16 Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 


sales Offices. 


24AA16 - IP 


P 
Package: SL 
SN 


Temperature Blank 
Range: I 


24AA16 


vice: 
peice O4AA16T 


Sales and Support 
Data Sheets 


Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 14-lead 
Plastic SOIC (150 mil Body), 8-lead 


O°C to +70°C 
-40°C to +85°C 


1.8K, 16K I?C Serial EEPROM 
1.8K, 16K IC Serial EEPROM (Tape and Reel) 





Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MicROCcHIP 24 LC 1 6 B 


16K 2.5V PC Serial EEPROM 








FEATURES PACKAGE TYPES 


Single supply with operation down to 2.5V 
Low power CMOS technology 

- 1 mA active current typical 

- 10 uA standby current typical at 5.5V 

- 5 uA standby current typical at 3.0V 
Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
2-wire serial interface bus, I27C™ compatible 
Schmitt trigger inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 kHz (2.5V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

Can be operated as a serial ROM 

Factory programming (QTP) available 

ESD protection > 4,000V 

1,000,000 erase/write cycles guaranteed 

Data retention > 200 years 

8-pin DIP, 8-lead or 14-lead SOIC packages 
Available for extended temperature ranges 

- Commercial (C): 0°C to +70°C 

- Industrial (I): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LC16B is a 16K bit 
Electrically Erasable PROM. The device is organized 
as eight blocks of 256 x 8 bit memory with a 2-wire 
serial interface. Low voltage design permits operation 
down to 2.5 volts with standby and active currents of 
only 5 uA and 1 mA respectively. The 24LC16B also 
has a page-write capability for up to 16 bytes of data. 
The 24LC16B is available in the standard 8-pin DIP 
and both 8-lead and 14-lead surface mount SOIC pack- 
ages. 
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I2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
1.1 Maximum Ratings* 

Vcc 7.0V | | Ground 

All inputs and outputs w.rt. VSS... -0.3V to Voc +1.0V Serial Address/Data I/O 
Storage temperature ................ saibliabauveseuacas -65°C to +150°C Serial Clock 

Ambient temp. with power applied................. -65°C to +125°C 

Soldering temperature of leads (10 seconds)............. +300°C Write Protect Input 

ESD protection om alll pits.........csscccccssssscsssssesssscesseeeseeeen >4kV +2.5V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum ratings” AO, Al, A2__| No Internal Connection 


may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vec = +2.5V to +5.5V . | 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (lI): Tamb = -40°C to +85°C 


WP, SCL and SDA pins: 
High level input voltage 


Low level input voltage 


Hysteresis of Schmitt trigger i (Note) 
inputs 
Low level output voltage 


VOL 
Input leakage current 
| ILO 


lo. = 3.0 mA, Vcc = 2.5V 


VIN = AV to Voc 
-10 VouT = .1V to Vcc 


ee ee | 
| to | 0 = 
ical i i 
Tamb = 25°C, FCLK = 1MHz 
Icc read 1 mA 
Standby current Iccs 30 wA |Vcc =3.0V, SDA = SCL =Vcc 
| i100 | wpA |Vcoc =5.5V, SDA =SCL=Vcc 


Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 


STANDARD Vcc = 4.5V - 5.5V 


24LC16B © 
Clock frequency ax | — | 100 | — | 400 | kez fo 
Clock high time HigH | 4000 | — | 600 | — | ns | 
Clock low time Tuow | 4700 | — | 13900 | — | ns | 
SDAandSCLrisetime | Tr | — | 1000 | — | 300 | ns |(Notet) 
SDA andSCLfalltime | Tr | — | 300 | — | 300 | ns |(Notet) | 





























ai il al il i 
clock pulse is generated 

ac Mi a i a al = 

START condition 

[Datainputholdtime | THowoar] =O | — | o | — | ns | 
Ee Fe 
STOP condition setup time |Tsu:sto| 4000 | — ee Oe ee 
Output valid from clock | Taa_| — | 3500 _| | 900 | ns |(Note2) 


Bus free time TBUF 4700 Time the bus must be free 
before a new transmission 
can start 


(Note 1), CB < 100 pF 





| 600_| 
int i 
20 +0.1 250 
CB 





Output fall time from VIH 
min to ViL max 


Input filter spike suppres- TSP 

sion (SDA and SCL pins) 

Write cycle time | TwR | — | — | 10 | ms_|Byte orPage mode 
Had 


Endurance cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 


Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 
: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUSTIMING DATA 






E 
2) 
n 


ial 








TSU:STA—> 
TSU:DAT TSU:sTO—> 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC16B supports a Bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC16B 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter- 
mines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 
is not busy. 

¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state. of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between. the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last six- 
teen will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end of 
data to the slave by not generating an acknowledge bit 
on the last byte that has been clocked out of the slave. 
In this case, the slave (24LC16B) will leave the data 
line HIGH to enable the master to generate the STOP 
condition. 


FIGURE 3-1: | DATATRANSFER SEQUENCE ON THE SERIAL BUS 





SY 


ADDRESS OR TA 


START DA STOP 
CONDITION ACKNOWLEDGE _ALLOWED CONDITION 
VALID TO CHANGE 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control 
byte consists of a four bit control code, for the 24LC16B 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the block 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. It 
should be noted that the protocol limits the size of the 
memory to eight blocks of 256 words, therefore the pro- 
tocol can support only one 24LC16B per system. 


The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24LC16B monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the R/W bit, the 24LC16B will select a read 
or write operation. 


: Control 





Read 1010 Block Address 1 
Write 1010 Block Address 0 
FIGURE 3-2: CONTROL BYTE 
ALLOCATION 


START READ/WRITE 


ae ™“s 


LAVE ADDRES 


i 
‘¢ 
‘ 


é 
, 


X = Don’t care 





FIGURE 4-1: 


BYTE WRITE 





BUS ACTIVITY A CONTROL 
MASTER 


R 





BUS ACTIVITY : 


FIGURE 4-2: PAGE WRITE 


BUS ACTIVITY 
MASTER CONTROL 


BUS ACTIVITY 


ORD 
ADDRESS DATA 


BYTE 
A 
C 






WORD 
BYTE ADDRESS (n) 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ien into the address pointer of the 24LC16B. After 
receiving another acknowledge signal from the 
24LC16B the master device will transmit the data word 
to be written into the addressed memory location. The 
24LC16B acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24LC16B will not gener- 
ate acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC16B in the same way 
as in a byte write. But instead of generating a stop con- 
dition the master transmits up to 16 data bytes to the 
24LC16B which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 
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T 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle — 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 
ACK = 0)? 


YES 
Next 
Operation 


6.0 WRITE PROTECTION 


The 24LC16B can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 





7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


The 24LC16B contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24LC16B issues an 
acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24LC16B discontinues 
transmission (Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC16B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LC16B will then 
issue an acknowledge and transmits the 8-bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC16B dis- 
continues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC16B transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC16B to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24LC16B contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


7.4 Noise Protection 


The 24LC16B employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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FIGURE 7-1: CURRENT ADDRESS READ 


SDA LINE 


BUS ACTIVITY 


FIGURE 7-2: RANDOM READ 


BUS ACTIVITY CONTROL 
MASTER BYTE 


SDA LINE 


BUS ACTIVITY 


FIGURE 7-3: SEQUENTIAL READ 


BUS ACTIVITY CONTROL 
MASTER BYTE 


SDA LINE 


BUS ACTIVITY 


8.0 PIN DESCRIPTIONS 


8.1 SDA Serial Address/Data Input/ 
Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 





DATA n DATA n + 1 








DATA (n) 


S 
T 
DATA n +2 See .. 5 


Sean 


8.3 WP 


This pin must be connected to either Vss or Vcc. 


If tied to Vss normal memory operation is enabled 
(read/write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24LC16B as a 
serial ROM when WP is enabled (tied to Vcc). 


8.4 AO, A1, A2 





These pins are not used by the 24LC16B. They may 
be left floating or tied to either Vss or Vcc. 
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24LC16B Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LC16B - 


P = Plastic DIP (300 mil Body), 8-lead 
Package: SL = Plastic SOIC (150 mil Body), 14-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 


24LC16B 16K I2C Serial EEPROM 


Device: D 
24LC16BT 16K I©C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 24AA 64 


16K 1.8V Cascadable 7C Serial EEPROM 








FEATURES PACKAGE TYPES 


¢ Single supply with operation down to 1.8V 
e Low power CMOS technology 

- 1mMA active current typical 

- 10 uA standby current typical at 5.5V 

- 5 uA standby current typical at 3.0V 
¢ Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
2-wire serial interface bus, I°>C™ compatible 
Functional address inputs for cascading up to 8 
devices 
¢ Schmitt trigger, filtered inputs for noise suppres- 
sion 
Output slope control to eliminate ground bounce 
100 kHz (1.8V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 
2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 
Can be operated as a serial ROM 
Factory programming (QTP) available 
ESD protection > 4,000V 
1,000,000 Erase/Write cycles guaranteed 
Data retention > 200 years 
8-pin DIP, 8-lead SOIC packages 
Available for commercial temperature range 


- Commercial (C): 0°C to +70°C 
DESCRIPTION 


The Microchip Technology Inc. 24AA164 is a cascad- 
able 16K bit Electrically Erasable PROM. The device HV GENERATOR 
is organized as eight blocks of 256 x 8-bit memory with 
a 2-wire serial interface. Low voltage design permits 
operation down to 1.8 volts (end-of-life voltage for most pliiea EEPROM ARRAY 
popular battery technologies) with standby and active Eres x8) 


currents of only 5 uA and 1 mA respectively. The 


24AA164 also has a page-write capability for up to 16 ed 
bytes of data. The 24AA164 is available in the standard 


8-pin DIP and 8-lead surface mount SOIC packages. 
The three select pins, AO, A1, and A2, function as chip 


select inputs and allow up to eight devices to share a SENSE AMP 
common bus, for up to 128K bits total system Baked eollics 


EEPROM. 


p9lLVVre 


8-lead 


Nh 
> 
> 
> 
oh 
g 





12C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
1.1 Maximum Ratings* 

Vcc 7.0V | Ground 

All inputs and outputs W.rt. VSS... -0.3V to Vcc +1.0V | Serial Address/Data V/O 
Storage temperature ............cceeesseeesseseeeeeeee -65°C to +150°C Serial Clock 

Ambient temp. with power applied................. -65°C to +125°C . 

Soldering temperature of leads (10 seconds) ............. +300°C Waite Protect Input 

ESD protection on alll Pins .......cccccccsssssssccssessscssssssescesssssesees >4kV 1.8V to 6.0V Power Supply 
*Notice: Stresses above those listed under “Maximum ratings” AO, Al, A2 Chip Address Inputs 


may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = 1.8V to +6.0 
Commercial (C): Tamb = 0°C to +70°C 


____Parameter______| Symbol | _Min_| Typ _| 


WP, SCL and SDA pins: 
High level input voitage 
Low level input voltage 
Hysteresis of Schmitt trigger inputs 
Low level output voltage VOL 
IL 
ILo 


Input leakage current d Re le 
Output leakage current | Lo | 


Pin capacitance Vcc = 5.0V (Note 1) 

(all inputs/outputs CouT Tamb = 25°C, Fetk = 1 MHz 

Operating current Icc Write Vcc = 5.5V, SCL = 400 kHz 
Vcc = 1.8V, SCL = 100 kHz 


Icc Read | Vcc = 5.5V, SCL = 400 kHz 
Vcc = 1.8V, SCL = 100 kHz 
Standby current | | Vcc = 5.5V, SDA = SCL=Vec 
Vcc = 3.0V, SDA = SCL=Vcc | 
Vcc = 1.8V, SDA = SCL=Vcc 
WP = Vss 





Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 























STANDARD Vcc = 4.5-5.5V 
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SDA and =e fall time — 300 (Note (Notet) 

a oe 
time clock pulse is generated 
a al Mia il ll i il 27" 
time: START condition 


ae trates) TABOR OT 
Data input setup time _| Tsuioar | _260_ | —_ 


“ies Hal all Hel all 
time 


Output valid from clock__| Taa | — | 3500 | — | 900 | ns |(Note2) 


~ i _ ni bre vars 


before a new transmission 
can start 
Eel alg Rolie acaia 
min to we max Cs 
acumen | [| [= [eT 
sion (SDA and SCL pins) 
Write cycletime ss || _~Twr_ | — | 10 | — | 10 | ms [ByteorPagemode | 
ce ee 
Mode ( ((Note 4) 
Note 1: Not 100% tested. Cs = total capacitance of one bus line in pF. 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and Vuys =specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 


4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUSTIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24AA164 supports aBi-directional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and gener- 
ates the START and STOP conditions, while the 
24AA164 works as slave. Both, master and slave can 
operate as transmitter or receiver but the master device 
determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
e Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


FIGURE 3-1: 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end of 
data to the slave by not generating an acknowledge bit 
on the last byte that has been clocked out of the slave. 
In this case, the slave (24AA164) will leave the data 
line HIGH to enable the master to generate the STOP 
condition. 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


START ADDRESS OR 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The first bit is 
always a one. The next three bits of the control byte 
are the device select bits (A2, A1, AO). They are used 
to select which of the eight devices are to be accessed. 
The A1 bit must be the inverse of the A1 device select 
pin. 


The next three bits of the control byte are the block 
select bits (B2, B1, BO). They are used by the master 
device to seiect which of the eight 256 word biocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. 
The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24AA164 looks for the 
slave address for the device selected. Depending on 
the state of the R/W bit, the 24AA164 will select a read 
or write operation. 


Control Code Block Select RAW 


Read 1 A2 Al AO| Block Address | 1 
Write 1 A2 Ati AO| Block Address | 0 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 
START READ/WRITE 
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FIGURE 4-1: BYTE WRITE 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24AA164. After 
receiving another acknowledge signal from the 
24AA164 the master device will transmit the data word 
to be written into the addressed memory location. The 
24AA164 acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24AA164 will not gener- 
ate acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA164 in the same way 
as in a byte write. But instead of generating a stop con- 
dition the master transmits up to 16 data bytes to the 
24AA164 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 
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FIGURE 4-2: PAGE WRITE 





BUS ACTIVITY: CONTROL WORD 
MASTER BYTE ADDRESS (n) DATAn DATAn +1 


a re ee ee eel 


DATAn + 15 


oT ray O sapf STTI IEEE a, 


A A 
Cc C 
K 


ete edccds 
A2/A1|A0 


BUS ACTIVITY: 





© 1998 Microchip Technology inc. DS21100E-page 3-145 


24AA164 





5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still 
busy with the write cycle, then no ACK will be returned. 
If the cycle is complete, then the device will return the 
ACK and the master can then proceed with the next 
read or write command. See Figure 5-1 for flow dia- 
gram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Control Byte 
with R/W = 0 


— Did Device 
Acknowledge 
ACK = 0)? 


YES 
Next 
Operation 


6.0 WRITE PROTECTION 


The 24AA164 can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 





7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


The 24AA164 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n+ 1. Upon receipt of the slave’ address 
with R/W bit set to one, the 24AA164 issues an 
acknowledge and transmits the 8-bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24AA164 discontinues 
transmission (Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA164 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24AA164 will then 
issue an acknowledge and transmits the 8-bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA164 dis- 
continues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24AA164 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA164 to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24AA164 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows an entire device memory contents to be serially 
read during one operation. 


7.4 Noise Protection 


The 24AA164 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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FIGURE 7-1: CURRENT ADDRESS READ 
S 
BUS ACTIVITY H 
MASTER 
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BUS ACTIVITY 


FIGURE 7-2: RANDOM READ 
S 


BUS ACTIVITY 

FIGURE 7-3: SEQUENTIAL READ 
BUS ACTIVITY CONTROL 
MASTER BYTE 


SDA LINE 


BUS ACTIVITY 


8.0 PIN DESCRIPTIONS 


8.1 SDA Serial Address/Data Input/ 
Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


BYTE 
i CONTROL 
NF — au». 


See 
A 
C 
K 


DATA n + 1 





DATA n 


VOHM 


AOYP OZ 





DATA n + 2 DATA n + X 


8.3 WP 


This pin must be connected to either Vss or VCc. 


If tied to VSs, normal memory operation is enabled 
(read/write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24AA164 as a 
serial ROM when WP is enabled (tied to Vcc). 


8.4 AO, A1, A2 





These pins are used to configure the proper chip 
address in multiple-chip applications (more than one 
24AA164 on the same bus). The levels on these pins 
are compared to the corresponding bits in the slave 
address. The chip is selected if the compare is true. 





Up to eight 24AA164s may be connected to the same 
bus. These pins must be connected to either Vss or 
Vcc. 
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24AA164 Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24AA164 — /P 
| ; P Plastic DIP (300 mil Body), 8-lead 
| Package: SN = Plastic SOIC (150 mil Body), 8-lead 


Temperature Blank = 0°C to 70°C 


Range: 


24AA164 16K IC Serial EEPROM 


Device: 
24AA164T 16K [°C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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16K 2.5V Cascadable I?C’" Serial EEPROM 








FEATURES PACKAGE TYPES 


Single Supply with operation down to 2.5V 

Low power CMOS technology 

- 1 mA active current typical 

- 10 pA standby current typical at 5.5V 

- 5A standby current typical at 3.0V 
Organized as eight blocks of 256 bytes (8 x 256 x 
8) 

2-wire serial interface bus, I°C™ compatible 
Functional address inputs for cascading up to 8 
devices 

¢ Schmitt trigger, filtered inputs for noise suppres- 
sion 

Output slope control to eliminate ground bounce 
100 kHz (2.5V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

Can be operated as a serial ROM 

Factory programming (QTP) available 

ESD protection > 4,000V 

1,000,000 Erase/Write cycles guaranteed 

Data retention > 200 years 

8-pin DIP, 8-lead SOIC packages 

Available temperature ranges 

- Commercial (C): Oo°C to +70°C 

- Industrial (I): -40°C to +85°C 


DESCRIPTION we EEPROM ARRAY 
XDEC 


(8 x 256 x 8) 
The Microchip Technology Inc. 24LC164 is a cascad- 
able 16K bit Electrically Erasable PROM. The device is 
organized as eight blocks of 256 x 8-bit memory with a 
2-wire serial interface. Low voltage design permits 


operation down to 2.5 volts with standby and active cur- 
rents of only 5 yA and 1 mA respectively. The 24LC164 

also has a page-write capability for up to 16 bytes of 
data. The 24LC164 is available in the standard 8-pin RW CONTROL _ 
DIP and 8-lead surface mount SOIC packages. 
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No 
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The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system 
EEPROM. 


2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: | PIN FUNCTION TABLE 
1.1 Maximum Ratings*. 

Voc 7.0V Ground 

All inputs and outputs w.r.t. VSS ..........00 -0.3V to Vcc +1.0V Serial Address/Data I/O 
Storage temperature ...........ceecsssseceresteeeeees -65°C to +150°C Serial Clock 

Ambient temp. with power applied sceesiaesavoiees -65°C to +125°C , 

Soldering temperature of leads (10 seconds)............. +300°C Write Protect Input 

ESD protection on alll pins ..........ccsc.cccescsssssssccessssesersseeeeseee >4kV +2.5V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum ratings” AO, Ai, A2__| Chip Address Inputs 





may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 

















Vec = +2.5V to +5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (1): Tamb = -40°C to +85°C 


| ___ Parameter | Symbol | Min | Max | units | ___ Conditions 


WP, SCL and SDA pins: 
High level input voltage 


Low level input voltage 
Hysteresis of Schmitt trigger 
inputs 

Low level output voltage V lol = 3.0 mA, Vcc = 2.5V 


acces ae ee ee 
Gupiticakgoecument, ke 14d out = to Yee 


| Pin capacitance CIN, COUT Vcc = 5. ‘OV (Note 1) 
(all inputs/outputs) Tamb = 25°C, FCLK = 1MHz 
Operating current Icc Write | mA | Vcc = 5.5V, SCL = 400 kHz 
Icc Read ; mA 
Standby current Iccs 30 wA |Vcc =3.0V, SDA = SCL =Vcc 
100 WA {Vcc = 5.5V, SDA = SCL = Vcc 
WP = Vss 


Note: is parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 















(Note) 
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TABLE 1-3: © AC CHARACTERISTICS 


Parameter Symbol MODE FAST MODE 
| 100 















[Clock frequency | Fouk | — | 100 | — | 400 | kez | 
[Clock high time | THicH | 4000 | — | 600 | — | ns | 
BOO = oe 19002) |e 
}SDAandSCLrisetime | TR | — | 1000 | — | 300 | ns [(Notet) 
SDA and SCL fall time TF | 300 | — | 300 | ns_ !|(Note 1) 





START condition hold time | THD:STA| 4000 


After this period the first 
clock pulse is generated 
START condition setup time 4700 an 


Only relevant for repeated 
START condition 


0 

Data input hold time a oe 
Data input setup time ee ee 
STOP condition setup time 4000 | 600 | — | ns | 
Output valid from clock | Taa_| — | 3500 | — | 900 | ns_| 


(Note 2) 
Time the bus must be free 
before a new transmission 


can start 


(Note 1), CB < 100 pF 
5 | (Note 3) 


ns 
Write cycle time TWR Byte or Page mode 
Cc 


Endurance ycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 


Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 
4: This parameter is not tested but guaranteed my characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUSTIMING DATA 















Bus free time TBUF 4700 i. 1300 
Output fall time from VIH 
min to Vit max 


TOF 
Input filter spike suppres- TSP 
sion (SDA and SCL pins) 





SCL 
TSU:STA —> 


SDA $3899 250555 


OUT SRRRRRKLRK 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC164 supports a Bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC164 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter- 
mines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). © 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 





3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


3.5 ‘Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end of 
data to the slave by not generating an acknowledge bit 
on the last byte that has been clocked out of the slave. 
In this case, the slave (24LC 164) will leave the data line 
HIGH to enable the master to generate the STOP con- 
dition. 


FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The first bit is 
always a one. The next three bits of the control byte 
are the device select bits (A2, A1, AO). They are used 
to select which of the eight devices are to be accessed. 
The Ai bit must be the inverse of the A1 device select 
pin. 

The next three bits of the control byte are the block 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. 


The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24LC 164 looks for the 
slave address for the device selected. Depending on 
the state of the R/W bit, the 24LC164 will select a read 
or write operation. 


Control Code | Block Select | RAW | 
Read | 1 A2 A1 AO| Block Address | 1 | 
1 A2 Ai AO| Block Address | 0 | 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 
START READ/WRITE 


wee a 


a SLAVE ADDRESS RAY A 


‘ 
‘, 


TPT T=[=]= 


MSB LSB 


























FIGURE 4-1: BYTE WRITE 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24LC164. After 
receiving another acknowledge signal from the 
24LC164 the master device will transmit the data word 
to be written into the addressed memory location. The 
24LC164 acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24LC 164 will not gener- 
ate acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC164 in the same way 
as in a byte write. But instead of generating a stop con- 
dition the master transmits up to 16 data bytes to the 
24LC164 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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6.0 WRITE PROTECTION 


The 24LC164 can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 





7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


The 24LC164 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24LC164 issues an 
acknowledge and transmits the 8-bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24LC164 discontinues 
transmission (Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC164 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LC164 will then 
issue an acknowledge and transmits the 8-bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC164 dis- 
continues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC164 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC164 to transmit the next sequentially 
addressed 8 bit word (Figure 7-3). 


To provide sequential reads the 24LC164 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows an entire device memory contents to be serially 
read during one operation. 


7.4 Noise Protection 


The 24LC164 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


el 
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FIGURE 7-1: CURRENT ADDRESS READ 
SDA LINE 
BUS ACTIVITY 

FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 


DATA n + 1 


SDA LINE 


BUS ACTIVITY 


8.0 PIN DESCRIPTIONS 
8.1 SDA Serial Address/Data Input/ 


Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 








DATA n+ 2 





8.3 WP 


This pin must be connected to either VSs or VCc. 


If tied to VSS, normal memory operation is enabled 
(read/write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24LC164 asa 
serial ROM when WP is enabled (tied to Vcc). 


8.4 AO, Al, A2 


These pins are used to configure the proper chip 
address in multiple-chip applications (more than one 
24LC 164 on the same bus). The levels on these pins 
are compared to the corresponding bits in the slave 
address. The chip is selected if the compare is true. 





Up to eight 24LC 164s may be connected to the same 
bus. These pins must be connected to either Vss or 
Vcc. 
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24LC164 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 


IP 
, P = Plastic DIP (300 mil Body), 8-lead 
L__tpackage: SN = Plastic SOIC (150 mil Body), 8-lead 
Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 


sales offices. 


24LC164 - 


24LC164 16K IC Serial EEPROM 


Device: 
24LC164T 16K I@C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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16K 1.8V Cascadable I7C™ Serial EEPROM with OTP Security Page 








PACKAGE TYPES 
FEATURES 


Single supply with operation down to 1.8V 

16 bytes OTP Secure Memory 

Low power CMOS technology 

- 1 MA active current typical 

- 10 uA standby current typical at 5.5V 

- 5A standby current typical at 3.0V 
Organized as eight blocks of 256 bytes 

(8 x 256 x 8) 

2-wire serial interface bus, I°C™ compatible 
Functional address inputs for cascading up to 8 
devices 

¢ Schmitt trigger, filtered inputs for noise suppres- 
sion 

Output slope control to eliminate ground bounce 
100 kHz (1.8V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

Can be operated as a serial ROM 

Factory programming (QTP) available 

ESD protection > 4,000V 

1,000,000 Erase/Write cycles guaranteed 

Data retention > 200 years 

8 pin DIP, 8-lead SOIC packages 

Available for commercial temperature range 

- Commercial (C): O°C to +70°C 


DESCRIPTION 


The Microchip Technology Inc. 24AA174 is a cascad- 
able 16K bit Electrically Erasable PROM. The device is PAGE | PAGE LATCHES | 
organized as eight blocks of 256 x 8-bit memory with a 
2-wire serial interface and provides a_ specially SDA = SCL 
addressed OTP (one-time programmable) 16 byte 
security block. Low voltage design permits operation 
down to 1.8 volts (end-of-life voltage for most popular SENSE AMP 
battery technologies) with standby and active currents R/YW CONTROL 
of only 5 pA and 1 mA respectively. The 24AA174 also 
has a page-write capability for up to 16 bytes of data. 
The 24AA174 is available in the standard 8-pin DIP and 
8-lead surface mount SOIC packages. 
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The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system 
EEPROM. ; 


I2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
1.1. Maximum Ratings* 

Vcc 7 7.0V Ground 

All inputs and outputs W.r.t. VSS... -0.3V to Vcc +1.0V Serial Address/Data I/O 
Storage temperature ........... cesses eaanebacuil -65°C to +150°C Serial Clock 

Ambient temp. with power applied................. -65°C to +125°C 

Soldering temperature of leads (10 seconds).............. +300°C Write Protect Input 

ESD protection on alll Pins.....ccccccsssssecccsssssescssssssesssssseeessesn >4kV +1.8V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum ratings” AO, Al, A2 Chip Address Inputs 





may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


VCC = +1.8V to 5.5V 
Commercial (C):Tamb= OCto+70°C 


| ____—Parameter__—_—_| Symbol | Min | Max | Units | Conditions 


WP, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt trigger inputs (Note) 
Low level output voltage lOL = 3.0 mA, VCC = 2.5V 


pA |VIN= AV to Voc 
HA _| Vout = .1V to Veo 
m 


| -10 | 
| -10 | 
7 |" 
Icc Write 
icc Read 


Vcc = 5.0V (Note1) 
Tamb = 25°C, FCLK = 1 MHz 


0 pF 
3 A Vcc = 5.5V, SCL = 400 kHz 
1 mA | 
Standby current Iccs 30 yA Vcc = 3.0V, SDA = SCL = Vcc 
100 LA Vcc = 5.5V, SDA = SCL = Vcc 
ecole WP=Vss | 


Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 


Standard Mode | ¥ SC= 4.5 - 5.5V 
Parameter Symbol Fast Mode Remarks 


| Min | Max | Min | Max | 

(Glockfrequency | Fax | — | too | — | 40 | we] 
[Clock high time | Taw [4000 | — | 00 | — | ns | SSS 
[Clockiowtime | Tow | 4700 | — | 1300 | — | re [SSS 
[SDA and SCL risetme [te | — | 1000 | — | 900 | re [Woe SS 
SDA and SCL alltime |r 300 | ns [Note t) 


| — | 300 | — | 300 
clock pulse is generated 
START condition setup TSU:STA 4700 
time START condition 
DAT Oh ir ee Oe ee ee Ss ie cal 


Data inputsetuptime | Tsu:oat | 250 | — | 100 [| — | ns | 



























































|STOP condition setup time | Tsu:sto | 4000 | — | 600 | — | ms | 
Output validfrom clock | Tas | — | 3500 | — | 900 | ns |(Note2) 


Bus free time TBUF 4700 1300 Time the bus must be free 
before a new transmission 
can start 

Output fall time from TOF 20 +0.1 (Note 1), CB < 100 pF 

VIH min to VIL max CB 

Input filter spike suppres- TSP (Note 3) 

sion (SDA and SCL pins) 

Write cycle time | 10 {| — | 10 [| ms__|Byte orPage mode 


Endurance 1M Cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 


1: Not 100% tested. CB = total capacitance of one bus line in pF. 

2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUSTIMING DATA 







TSU:STA —> THD:DAT 


OS 
2S 
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2.0 FUNCTIONAL DESCRIPTION 


The 24AA174 supports a Bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA174 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter- 
mines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. | 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


FIGURE 3-1: 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
puee which is associated with this acknowledge bit. 





The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end of 
data to the slave by not generating an acknowledge bit 
on the last byte that has been clocked out of the slave. 
In this case, the slave (24AA174) will leave the data 
line HIGH to enable the master to generate the STOP 
condition. . 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


\7 Sof 


ADDRESS OR 
ACKNOWLEDGE 
VALID 


START 
CONDITION 


DATA 
ALLOWED 
TO CHANGE 





ct 


STOP 
CONDITION 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The first bit is 
always a one. The next three bits of the control byte 
are the device select bits (A2, A1, AO). They are used 
to select which of the eight devices are to be accessed. 
The A1 bit must be the inverse of the A1 device select 
pin. 


The next three bits of the control byte are the block 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word biocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. 
The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24AA174 looks for the 
slave address for the device selected. Depending on 
the state of the R/W bit, the 24AA174 will select a read 
or write operation. 


Control Code | Block Select 
1 A2 AT AO| Block Address 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 
START READ/WRITE 


Tseeomress | ep) 
eee A 
MSB LSB 


FIGURE 4-1: BYTE WRITE 

























4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24AA174. After 
receiving another acknowledge signal from the 
24AA174 the master device will transmit the data word 
to be written into the addressed memory location. The 
24AA174 acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24AA174 will not gener- 
ate acknowledge signals (see Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA174 in the same way 
as in a byte write. But instead of generating a stop con- 
dition the master transmits up to 16 data bytes to the 
24AA174 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (see Figure 4-2). 


BUS ACTIVITY: CONTROL WORD 
MASTER BYTE ADDRESS 
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FIGURE 4-2: PAGE WRITE 
s 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Control Byte 
with R/W = 0 


Did Device 
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ACK = 0)? 


YES 
Next 
Operation 


6.0 WRITE PROTECTION 


The 24AA174 can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be 
inhibited and the entire memory will be write-protected. 





7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


7.1 Current Address Read 


The 24AA174 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24AA174 issues an 
acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24AA174 discontinues 
transmission (Figure 8-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA174 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24AA174 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA174 dis- 
continues transmission (Figure 8-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24AA174 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA174 to transmit the next sequentially 
addressed 8-bit word (Figure 8-3). 


To provide sequential reads the 24AA174 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows an entire device memory contents to be serially 
read during one operation. 


7.4 Noise Protection 


The 24AA174 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 
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8.0 PIN DESCRIPTIONS 


8.1 SDA Serial Address/Data Input/ 
Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to VCc (typical 10KQ for 100 KHz, 1KQ for 400 
KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


8.3 WP 


This pin must be connected to either Vss or Vcc. 


If tied to VSS, normal memory operation is enabled 
(read/write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24AA174 as a 
serial ROM when WP is enabled (tied to Vcc). 


8.4 AO, Ai, A2 





These pins are used to configure the proper chip 
address in multiple-chip applications (more than one 
24AA174 on the same bus). The levels on these pins 
are compared to the corresponding bits in the slave 
address. The chip is selected if the compare is true. 





Up to eight 24AA174s may be connected to the same 
bus. These pins must be connected to either VSss or 
Vcc. 


8.5 Security Access Control 


The security row is enabled by sending the control 
sequence with the IC slave address of 0110. Bit 0 of 
the control byte must be set to a one for a READ 
OPERATION or a zero for the OTP WRITE OPERA- 
TION. The SECURITY ACCESS DATA is always read 
starting at byte O for N bytes up to and including byte 
15. (See Figure 4-2). 


8.6 Security Access Write 


The S.A.W. data is written to the device using a normal 
page write following the proper control access 
sequence. Upon receiving the final stop bit, the internal 
write sequence will commence. At the completion of 
the internal write sequence a fuse will be set disabling 
the write function for the 16 byte security page. 


8.7 Security Access Read 


The security access read is accomplished by executing 
the normal read sequences, following the security 
access control sequence with bit O set to a one. The 
security page read starts at data byte 0. 
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FIGURE 8-1: CURRENT ADDRESS READ | 
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FIGURE 8-2: RANDOM READ 
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FIGURE 8-3: SEQUENTIAL READ 
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FIGURE 8-4: SECURITY CONTROL BYTE ALLOCATION 
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FIGURE 8-5: SECURITY PAGE READ 
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FIGURE 8-6: SECURITY PAGE WRITE 
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24AA174 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24AA174 - [Pp | 
: P = Plastic DIP (300 mil Body), 8-lead 
L_ Package: SN = Plastic SOIC (150 mil Body), 8-lead 





Temperature Blank 0°C to +70°C 


Range: 


24AA174 16K I2C Serial EEPROM 


Device: 
. 24AA174T 16K I?C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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FEATURES PACKAGE TYPES 


Single supply with operation down to 2.5V 

16 bytes OTP Secure Memory 

Low power CMOS technology 

- 1 mA active current typical 

- 10 pA standby current typical at 5.5V 

- 5A standby current typical at 3.0V 
Organized as eight blocks of 256 bytes (8 x 256 x 
8) 

2-wire serial interface bus, IC™ compatible 
Functional address inputs for cascading up to 8 
devices 

Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
100 kHz (2.5V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 16 bytes 

2 ms typical write cycle time for page-write 
Hardware write protect for entire memory 

Can be operated as a serial ROM 

Factory programming (QTP) available 

ESD protection > 4,000V 

1,000,000 Erase/Write cycles guaranteed 

Data retention > 200 years 

8-pin DIP, 8-lead SOIC packages 

Available temperature ranges: 

- Commercial (C): O°C to +70°C 

- Industrial (I): -40° to +85° 


DESCRIPTION 


The Microchip Technology Inc. 24LC174 is a cascad- 
able 16K bit Electrically Erasable PROM. The device is 
organized as eight blocks of 256 x 8-bit memory with a 
2-wire serial interface and provides a_ specially SDA SCL 
addressed OTP (one-time programmable) 16 byte 
security block. Low voltage design permits operation 
down to 2.5 volts with standby and active currents of 
only 5 uA and 1 mA respectively. The 24LC174 also 
has a page-write capability for up to 16 bytes of data. 
The 24LC174 is available in the standard 8-pin DIP and 
8-lead surface mount SOIC packages. 


The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system 
EEPROM. 
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12C is a trademark of Philips Corporation. 





© 1998 Microchip Technology Inc. DS21101E-page 3-167 


24LC174 





1.0 ELECTRICAL CHARACTERISTICS ~~ TABLE1-1: PIN FUNCTION TABLE 
1.1. Maximum Ratings* 

Vee 7.0V Ground 

All inputs and eiiete Wt. VSS cecccceseeeees -0.3V to Vcc +1.0V Serial Address/Data I/O 
Storage temperature 0.0.0... ee eeeeceeesseesseeeees -65°C to +150°C HH Serial Clock 

Ambient temp. with power applied................. -65’C to +125°C : 

Soldering temperature of leads (10 seconds) ............. +300°C Moe. Erotedt tnput 

ESD protection om alll pins ......ccccccccssssssccsssssssssccsssseeecesesnsees >4kV +2.5V to 5.5V Power Supply 
“Notice: Stresses above those listed under “Maximum ratings” AO, Al, A2 Chip Address Inputs 





may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 









Vec = +2.5V to 5.5V 
Commercial (C): Tamb= O°’Cto +70°C 
Industrial (I): Tamb= -40°C to +85°C 


| Parameter | Symbol | _Min_| Max | Units | Conditions 


WP, SCL and SDA pins: 
High level input voltage 
Low level input voltage 

Hysteresis of Schmitt trigger inputs (Note) 

Low level output voltage loL = 3.0 mA, Vcc = 2.5V 


teieeare TT eG es 
JOutputleakage current, | ko | 40 | 10 | WA |VouT=.1VtoVec 


Pin capacitance (all inputs/outputs) CIN, COUT 10 pF Vcc = bee oe dy 
peeves Teme = [ag feseersarions 
Icc Read ~ 


Standby current Vcc = 3.0V, SDA = SCL = Vcc 
Vcc = 5.5V, SDA = SCL = Vcc 
WP=Vss_ | 


































Note:This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 


Vcc= 4.5 - 5.5V 
Standard Mode 


Clock frequency | Fok | — | 100 | — | 400 | kHz 
Clock high time 4000 | — | 600 | — | 
Clock low time 4700 | — | 13900 | — | 
SDA and SCL rise time | to00 | — | 300 | ns |(Notet) id 


SDA and SCL fall time TF 300 ns (Note 1) 


ee! 
| ot | — | 30 | ~— | 300 | ns |(Notes) 
pulse is generated 
START condition 
3 aw (_ ee aa 

































Data input hold time | THo:pat | 0 | ae 
Data input setup time | Tsu:pat | 250 | — | 100 | — | 
: aa Law 

| 900 










eee 
a eee 


Time the bus must be free 
before a new transmission can 


(Note 1), CB < 100 pF 
(Note 3) 


Byte or Page mode 


cycles | 25°C, Vcc = 5.0V, Block Mode 
(Note 4) 


STOP condition setup time 4000 
Output valid from clock 


Bus free time TBUF 4700 | 1300 | 





Output fall time from ViIH 
min to VIL max 


Input filter spike suppres- 
sion (SDA and SCL pins) 


Write cycle time 
Endurance 


TOF 
TsP 
WR 


T 


0 
1M 





@ 


nh 
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Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 
2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHyYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a TI specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC174 supports a Bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC174 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device deter- 
mines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
Ail commands must be preceded by a START condi- 
tion. : 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA fine while the | 
clock (SCL) is HIGH determines a STOP condition. All © 


operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. - 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 16 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges, has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. During reads, a master must signal an end of 
data to the slave by not generating an acknowledge bit 
on the last byte that has been clocked out of the slave. 
In this case, the slave (24LC174) will leave the data line 
HIGH to enable the master to generate the STOP con- 
dition. 


FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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4.0 BUS CHARACTERISTICS 
4.1 Device Addressing and Operation 


A control byte is the first byte received following the 
start condition from the master device. The first bit is 
always a one. The next three bits of the control byte 
are the device select bits (A2, A1, AO). They are used 
to select which of the eight devices are to be accessed. 
The A1 bit must be the inverse of the A1 device select 
pin. 

The next three bits of the control byte are the block 
select bits (B2, B1, BO). They are used by the master 
device to select which of the eight 256 word blocks of 
memory are to be accessed. These bits are in effect 
the three most significant bits of the word address. 


The last bit of the control byte defines the operation to 
be performed. When set to one a read operation is 
selected, when set to zero a write operation is selected. 
Following the start condition, the 24LC174 looks for the 
slave address for the device selected. Depending on 
the state of the R/W bit, the 24LC174 will select a read 
or write operation. 


jE vontre Coe? | Code | Block Select ane 
Read A2 ey Tab) at Ao AO | Block Address 
Write ~| 1 |A2|A1]A0]} Block Address 


FIGURE 4-1: 
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FIGURE 5-1: 





BYTE WRITE 


5.0 WRITE OPERATION 
5-1 Byte Write 


Following the start condition from the master, the 
device code (4 bits), the block address (3 bits), and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24LC174. After 
receiving another acknowledge signal from the 
24LC174 the master device will transmit the data word 
to be written into the addressed memory location. The 
24LC174 acknowledges again and the master gener- 
ates a stop condition. This initiates the internal write 
cycle, and during this time the 24LC174 will not gener- 
ate acknowledge signals (Figure 5-1). 


5.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC174 in the same way 
as in a byte write. But instead of generating a stop con- 
dition the master transmits up to 16 data bytes to the 
24LC174 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 16 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 8.3). 
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FIGURE 5-2: PAGE WRITE 
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6.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 6-1 for flow diagram. 


FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 WRITE PROTECTION 


The 24LC174 can be used as a serial ROM when the 
WP pin is connected to Vcc. Programming will be inhib- 
ited and the entire memory will be write-protected. 





8.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read, and sequential read. 


8.1 Current Address Read 


The 24LC174 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24LC174 issues an 
acknowledge and transmits the 8-bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24LC174 discontinues 
transmission (Figure 9-1). 


8.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC174 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LC174 will then 
issue an acknowledge and transmits the 8-bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC174 dis- 
continues transmission (Figure 9-2). 


8.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC174 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC174 to transmit the next sequentially 
addressed 8-bit word (Figure 9-3). 


To provide sequential reads the 24LC174 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows an entire device memory contents to be serially 
read during one operation. 


8.4 Noise Protection | 


The 24LC174 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


Se aa A A II TEE SE TL SS EE ET YS TEE SS FP SE ESTES CE AS ETS TST SE I SE CE ST LE. ET SO ENP SA TI TL IE TET IEEE OT NTT TEES 
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9.0 PIN DESCRIPTIONS 


9.1 SDA Serial Address/Data Input/ 
Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


9.2 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


9.3 WP 


This pin must be connected to either Vss or Vcc. 


If tied to VSs, normal memory operation is enabled 
(read/write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


This feature allows the user to use the 24LC174 as a 
serial ROM when WP is enabled (tied to Vcc). 


9.4 AO, Al, A2 


These pins are used to configure the proper chip 
address in multiple-chip applications (more than one 
24LC174 on the same bus). The levels on these pins 
are compared to the corresponding bits in the slave 
address. The chip is selected if the compare is true. 






Up to eight 24LC174s may be connected to the same 
bus. These pins must be connected to either VSS or 
Vcc. 


9.5 Security Access Control 


The security row is enabled by sending the control 
sequence with the I2C slave address of 0110. Bit 0 of 
the control byte must be set to a one for a READ 
OPERATION or a zero for the OTP WRITE OPERA- 
TION. The SECURITY ACCESS DATA is always read 
starting at byte O for N bytes up to and including byte 
15. (See Figure 9-3). 


9.6 Security Access Write 


The S.A.W. data is written to the device using a normal 
page write following the proper control access 
sequence. Upon receiving the final stop bit, the internal 
write sequence will commence. At the completion of 
the internal write sequence a fuse will be set disabling 
the write function for the 16 byte security page. 


9.7 Security Access Read 


The security access read is accomplished by executing 
the normal read sequences, following the security 
access control sequence with bit O set to a one. The 
security page read starts at data byte 0. 


A STATES PRE IR STS A ESSE? PSEC AAS BASE TE TE NSP EERE IO SE EEC ATI EE ES AS EP TE TT PE PE EE RS TERE OA LE EET EE EI FTE I LT IEE IEE LE LA TEER TED EG 
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FIGURE 9-1: CURRENT ADDRESS READ 
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FIGURE 9-3: SEQUENTIAL READ 
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FIGURE 9-4: SECURITY CONTROL BYTE ALLOCATION 
| READ/WRITE 
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FIGURE 9-5: SECURITY PAGE READ 
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FIGURE 9-6: SECURITY PAGE WRITE 
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24LC174 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LC174 - 


: P = Plastic DIP (300 mil Body), 8-lead 
ieee Pacnage: SN = Plastic SOIC (150 mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 


Range: I = -40°C to +85°C 


24LC174. 16K I°C Serial EEPROM 


Device: 
24LC174T 16K I2C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 





DS21101E-page 3-176 © 1998 Microchip Technology Inc. 


MicROCHIP 24AA32A 


32K 1.8V FC ~ Serial EEPROM 








FEATURES PACKAGE TYPE 


¢ Single supply with operation down to 1.8V 

- Maximum write current 3 mA at 6.0V 

- Standby current 1 pA max at 1.8V 

2-wire serial interface bus, I7C™ compatible 
100 kHz (1.8V) and 400 kHz (5V) compatibility 
Self-timed ERASE and WRITE cycles 

Power on/off data protection circuitry 
Hardware write protect 

1,000,000 Erase/Write cycles guaranteed 

32 byte page or byte write modes available 
Schmitt trigger inputs for noise suppression 
Output slope control to eliminate ground bounce 
2 ms typical write cycle time, byte or page 

Up to eight devices may be connected to the 
same bus for up to 256K bits total memory 
Electrostatic discharge protection > 4000V 
Data retention > 200 years 

8-pin PDIP and SOIC packages 

Temperature ranges 

- Commercial (C): 0°C to +70°C 


DESCRIPTION 


The Microchip Technology Inc. 24AA32A is a 4K x 8 
(32K bit) Serial Electrically Erasable PROM capable of 
operation across a broad voltage range (1.8V to 6.0V). 
It has been developed for advanced, low power appli- 
cations such as personal communications or data 
acquisition. The 24AA32A also has a page-write capa- 
bility of up to 32 bytes of data. The 24AA32A is capable HV GENERATOR | 
of both random and sequential reads up to the 32K a —vovrvn 
boundary. Functional address lines allow up to eight 
24AA32A devices on the same bus, for up to 256K bits 


address space. Advanced CMOS technology and Pectin pais xoec| | EEPROM 
broad voltage range make this device ideal for low- Loaic Loaic see 
power/low-voltage, nonvolatile code and data applica- : : 
tions. The 24AA32A is available in the standard 8-pin 
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plastic DIP and both 150 mil and 200 mil SOIC pack- SCL 
ages. i 
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1?C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1. Maximum Ratings* 

MSG avs iteasyues saestacies acerstutesculscwavanstecssunlesuevucosduabsvanderoscesons 7.0V A0,A1,A2 User Configurable Chip Selects | 
All inputs and outputs wart. VSS oo... -0.6V to Voc +1.0V Vss Ground 

Storage temperature ..........sccecssseeeeeeeeens -65°C to +150°C SDA Serial Address/Data I/O 

Ambient temp. with power applied................. -65°C to +125°C , 

Soldering temperature of leads (10 seconds)............. +300°C SCL Serial Clock 

ESD protection on alll pins ...........ccccccsssssccscsssesccssseccesseseeeees >4kV WP Write Protect Input 

*Notice: Stresses above those listed under “Maximum Ratings” Vcc +1.8V to 6.0V Power Supply 


may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: |. DC CHARACTERISTICS 


Vec = +1.8V to 6.0V 
Commercial (C) Tamb = 0°C to +70°C 


Parmer | Symbol | win | Ty | Mex [Unte] _Condione 


AO, A1, A2, SCL , SDA and WP 
pins: 
High level input voltage 


Low level input voltage Vec = 2.5V 


Vec < 2.5V 


Hysteresis of Schmitt Trigger (Note) 


inputs 
Low level output voltage VOL — 40 V lol = 3.0 mA 
jinputleakage current =| sts —=«| 40 | —~*(| +10 | WA [VN=.WVtovoo 
[Outputieakage current «(| _uo | 40 | | 10 | wA [Vout=.1Viovoc 


(all inputs/outputs) Tamb = 25°C, F, = 1 MHz 

Operating current Icc Write — fee a all mA 
jocRead| — | | 05 | mA |Voo=60V,SCL=400KH2 _| 

Standby current ios | — | + | 8 | uA |SCL=SDA=Voc=55V 

a 

WP =Vss, AO, A1, A2 = Vss 
Note: This parameter is periodically sampled and not 100% tested. 
FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: © AC CHARACTERISTICS 







































Vcc = 1.8-6.0V | Vcc = 4.5-6.0V 
Burcraniee Symbol | STD. MODE FAST MODE 
Clock frequency ee, Wl MOOT ee 
Clock high time 4000 | — | 600 | 


| 4700 | — | 1300 | 
eee 1000! 


= 30 


THD:STA 4000 [a 
Tsu:sta | 4700 Wall cal: 


HD:DAT | 0 Lee] 
TsuoaT | 250 | — 
Ea 


Clock low time 

SDA and SCL rise time 
SDA and SCL fall time 
START condition hold time 


—_ 
t@) 
oO 


ae | 
Siz\a 
Q 
2/2) 
o>) & 
Oo (>) 


TR 
TF 





ns 





a 
After this period the first 

clock pulse is generated 
Only relevant for repeated 
START condition 





START condition setup 
time 

Data input hold time — 
Data input setup time 


Time the bus must be free 
before a new transmission 
can start 


(Note 1), CB < 100 pF 











—_ 300 
0 

Tor 2 250 

TSP 0 (Note 3) 





Output valid from clock Ta | — | 3500 | — | 
5 
mintoViL max. 
kl ad 
Write cycle time TwR | — | 
2: As atrasmitter, the device must provide an internal minimum delay time to bridge the undefined region (min- 
and spike suppression. This eliminates the need for a Ti specification for standard operation. 
FIGURE 1-2: BUS TIMING DATA 


Bus free time TBUF 4700 -_ 1300 
Input filter spike suppres- ae 
ss | _ms__| Byte or Page Mode 
Bead Ral Ball 
imum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
4: This application is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
| TR 
TSU:STA—> - 
: TSU:DAT TSU:STO —> ; 


0 

0 
STOP condition setup time | Tsu:sTo 4000 
Output fall time from VIH O 250 0 

+0.1CB 
Ss 
sion (SDA and SCL pins) 
M cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 
Note 1: Not 100% tested. CB = Total capacitance of one bus line in pF. 
3: The combined Tsp and VHYS specifications are due to Schmitt trigger inputs which provide improved noise 
cation, please consult the Total Endurance Model which can be obtained on our website. 
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2.0 FUNCTIONAL DESCRIPTION 


The 24AA32A supports a Bi-directional two-wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus must be 
controlled by a master device which generates the 
Serial Clock (SCL), controls the bus access, and gen- 
erates the START and STOP conditions, while the 
24AA32A works as slave. Both master and slave can 
operate as transmitter or receiver but the master device 
determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. | 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
Clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. ; 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24AA32A) will leave the data line 
HIGH to enable the master to generate the STOP con- 
dition. 


FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a 4-bit control code; for the 24AA32A this is 
set as 1010 binary for read and write (R/W) operations. 
The next three bits of the ‘control byte are the device 
select bits (A2, A1, AO). They are used by the master 
device to select which of the eight devices are to be 
accessed. These bits are in effect the three most signif- 
icant bits of the word address. The last bit of the control 
byte defines the operation to be performed. When set 
to a one a read operation is selected, and when set to 
a zero a write operation is selected. The next two bytes 
received define the address of the first data byte 
(Figure 3-3). Because only A11...A0 are used, the 
upper four address bits must be zeros. The most signif- 
icant bit of the most significant byte of the address is 
transferred first. 


FIGURE 3-2: CONTROL BYTE 


ALLOCATION 


START READ/WRITE 
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Following the start condition, the 24AA32A monitors 
the SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri- 
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24AA32A will select a read or 
write operation. 


’ Control ‘ 
Operation Device Select | Raw 


1010 Device Address 1 
Device Address 

















FIGURE 3-3: ADDRESS SEQUENCE BIT ASSIGNMENTS 
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4.0 WRITE OPERATION 
4.1 Byte Write. 


Following the start condition from the master, the con- 
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit during the ninth clock cycle. Therefore, the 
next byte transmitted by the master is the high-order 
byte of the word address and will be written into the 
address pointer of the 24AA32A. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24AA32A the master 
device will transmit the data word to be written into the 
addressed memory location. 


The 24AA32A acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24AA32A will not 
generate acknowledge signals (Figure 4-1). 


FIGURE 4-1: BYTE WRITE 
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FIGURE 4-2: PAGE WRITE 
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4.2 Page Write . 


The write control byte, word address and the first data 
byte are transmitted to the 24AA32A in the same way 
as in a byte write. But instead of generating a stop con- 
dition, the master transmits up to 32 bytes which are 
temporarily stored in the on-chip page buffer and will be 
written into memory after the master has transmitted a 
stop condition. After receipt of each word, the five lower 
address pointer bits are internally incremented by one. 
If the master should transmit more than 32 bytes prior 
to generating the stop condition, the address counter 
will roll over and the previously received data will be 
overwritten. As with the byte write operation, once the 
stop condition is received, an internal write cycle will 
begin. (Figure 4-2). 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. Acknowledge 
Polling (ACK) can be initiated immediately. This 
involves the master sending a start condition followed 
by the control byte for a write command (R/W = 0). If 
the device is still busy with the write cycle, then no ACK 
will be returned. If the cycle is complete, then the 
device will return the ACK and the master can then pro- 
ceed with the next read or write command. See 
Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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FIGURE 6-1: CURRENT ADDRESS READ 
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6.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


6.1 Current Address Read 


The 24AA32A contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (nis 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24AA32A issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24AA32A discontinues transmission (Figure 6-1). 


6.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA32A as part of a write operation (R/W bit set to 
zero). After the word address is sent, the master gen- 
erates a start condition following the acknowledge. This 
terminates the write operation, but not before the inter- 
nal address pointer is set. Then the master issues the 
control byte again but with the R/W bit set to a one. The 
24AA32A will then issue an acknowledge and transmit 
the 8-bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24AA32A to discontinue transmission 
(Figure 6-2). 
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6.3 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24AA32A's on the same bus. 
In this case, software can use AO of the control byte as 
address bit A12, Al as address bit A13, and A2 as 
address bit A14. 


FIGURE 6-2: RANDOM READ 
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6.4 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24AA32A transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24AA32A to transmit the 
next sequentially addressed 8-bit word (Figure 6-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


To provide sequential reads the 24AA32A contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The internal address pointer will 
automatically roll over from address OFFF to address 
000 if the master acknowledges the byte received from 
the array address OFFF. 
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FIGURE 6-3: SEQUENTIAL READ 
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7.0 PIN DESCRIPTIONS 


7.1 AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24AA32A for multi- 
ple device operation and conform to the 2-wire bus 
standard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AQ) in the control byte 
(Figure 3-3). 

7.2 SDA Serial Address/Data Input/ 

Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL HIGH are 
reserved for indicating the START and STOP condi- 
tions. 


7.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


7.4 WP 


This pin must be connected to either Vss or Vcc. 


If tied to VSs, normal memory operation is enabled 
(read/write the entire memory 000-FFF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


8.0 NOISE PROTECTION 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to ensure proper device operation 
even on a noisy bus. All I/O lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 


9.0 POWER MANAGEMENT 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all internal functions are com- 
plete. This includes any error conditions, i.e., not 
receiving an acknowledge or stop condition per the 2- 
wire bus specification. The device also incorporates 
VoD monitor circuitry to prevent inadvertent writes (data 
corruption) during low-voltage conditions. The VobD 
monitor circuitry is powered off when the device is in 
standby mode in order to further reduce power con- 
sumption. 
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24AA32A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. ; 


24AA32A —- 


| P = Plastic DIP (300 mil Body), 8-lead 
Package: SN = Plastic SOIC (150 mil Body, EIAJ standard), 8-lead 
SM Plastic SOIC (207 mil Body, EIAJ standard), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: 


24AA32A 32K I2C Serial EEPROM (100 kHz, 400 kHz) 


Device: 
24AA32AT 32K I*C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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32K 2.5V C’” Serial EEPROM 








FEATURES PACKAGE TYPES 


Single supply with operation down to 2.5V 

- Maximum write current 3 mA at 6.0V 

- Standby current 1 uA max at 2.5V 

2-wire serial interface bus, I@C™ compatible 
100 kHz (2.5V) and 400 kHz (5V) compatibility 
Self-timed ERASE and WRITE cycles 

Power on/off data protection circuitry 
Hardware write protect 

1,000,000 Erase/Write cycles guaranteed 

32 byte page or byte write modes available 
Schmitt trigger filtered inputs for noise suppres- 
sion 

Output slope control to eliminate ground bounce 
2 ms typical write cycle time, byte or page 

Up to eight devices may be connected to the 
same bus for up to 256K bits total memory 
Electrostatic discharge protection > 4000V 
Data retention > 200 years 

8-pin PDIP and SOIC packages 

Temperature ranges 

- Commercial (C): 00°C to +75°C 

- Industrial (I): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LC32A is a 4K x 8 
(32K bit) Serial Electrically Erasable PROM capable of 
operation across a broad voltage range (2.5V to 6.0V). BLOCK DIAGRAM 
It has been developed for advanced, low power appli- oe 

cations such as personal communications or data AO At A2 WP 
acquisition. The 24LC32A also has a page-write capa- Sia xe 

bility of up to 32 bytes of data. The 24LC32A is capable 
of both random and sequential reads up to the 32K 
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boundary. Functional address lines allow up to eight ee hes xoec| | EEPROM 
24LC32A devices on the same bus, for up to 256K bits Loaic Loaic piel. 
address space. Advanced CMOS technology and 
broad voltage range make this device ideal for low- 

power/low-voltage, nonvolatile code and data applica- 


tions. The 24LC32A is available in the standard 8-pin 


) 
plastic DIP and both 150 mil and 200 mil SOIC packag- L - ! 


ing. 
SENSE AMP 
FYW CONTROL 


12C is a trakemark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: | PIN FUNCTION TABLE 
CHARACTERISTICS i 



























1.1. Maximum Ratings* A0,A1,A2 User Configurable Chip Selects 
foc tar NE eM RRS TERT Me ae Rn Oe 7.0V vss oo 
All inputs and outputs w.r.t. VSS ................-0.6V to Voc +1.0V SDA Serial Address/Data I/O 
Storage temperature ...........cccccessssseecereseeeees -65°C to +150°C. SCL Serial Clock 
Sciderng ttnpersius of eave (10 sscorede)..a..._4800°C WE Wis Biotec! neue 
ring peratur eads (10 seconds) ............. +300° : 
ESD protection on alll Pins......c....c.csssssessccssssssessscssssseeeceeee >4kV Vcc +2.5V to 6.0V Power Supply 


*Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +2.5V to 6.0V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (1): Tamb = -40°C to +85°C 


| ____—Parameter___—_| Symbol | Min | Typ | Max | Units | Conditions 


AO, A1, A2, SCL , SDA and WP 
pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger 
inputs 
Low level output voltage 


VIN = .1V to Voc 
VouT = .1V to Vcc 


Pin capacitance Vcc = 5.0V (Note) 
| (all inputs/outputs) Tamb = 25°C, F, = 1 MHz 


Operating current = 
Voc = 
Standby current | WA 
WP = Vss, AO, A1, A2 = Vss 
Note: This parameter is periodically sampled and not 100% tested. 
FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: AC CHARACTERISTICS 


Vcc = 2.5-6.0V Vcc = 4.5-6.0V 
Parameter Symbol | Standard Mode Fast Mode Remarks 


Clock frequency Foe | — | 00] — | 400 | ira 
Clock high time Tae | 4000| — | 600 | — | rs _| 
300 


SDA and SCL rise time TR — 1000 — ns___| (Note 1) 


Ss 
SDA and SCL fall time [=| 300 [=| 300 [ns | (Note 1 
START condition hold time 4000 ns After this period the first 
clock pulse is generated 
START condition setup TSU:STA 4700 600 Only relevant for repeated 
START condition 








































THD:STA 


an 


Data input hold time THD:DAT 


Bus free time TBUF 4700 1300 Time the bus must be free 
before a new transmission 
| | can start | 
Output fall time from ViH 20 250 ns (Note 1), CB < 100 pF 
+0.1CB 


TOF 250 
min to VIL max 
Input filter spike suppres- TSP 50 (Note 3) 
sion (SDA and SCL pins) 
Write cycle time twe [| — [| 5s | — [8 | ms [Byte orPage mode 
1M cycles | 25°C, Vcc = 5.0V, Block 
| Mode Cycle (Note 4) 
Note 1: Not 100% tested. CB = Total capacitance of one bus line in pF. | 


Endurance 
2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VHYS specifications are due to Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Ti specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 








4) 










FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC32A supports a Bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the Serial Clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC32A 
works as slave. Both master and slave can operate as 
transmitter or receiver but the master device deter- 
mines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations: must be ended with a STOP condition. 


FIGURE 3-1: 
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3.4 Data Valid (D 


The state of the data line represents valid data when, 


-- after a START condition, the data line is stable for the 


duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24LC32A) will leave the data line HIGH 
to enable the master to generate the STOP condition. 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a 4-bit control code; for the 24LC32A this is 
set as 1010 binary for read and write (R/W) operations. 
The next three bits of the control byte are the device 
select bits (A2, A1, AO). They are used by the master 
device to select which of the eight devices are to be 
accessed. These bits are in effect the three most signif- 
icant bits of the word address. The last bit of the control 
byte defines the operation to be performed. When set 
to a one a read operation is selected, and when set to 
a zero a write operation is selected. The next two bytes 
received define the address of the first data byte 
(Figure 3-3). Because only A11...A0 are used, the 
upper four address bits must be zeros. The most signif- 
icant bit of the most significant byte of the address is 
transferred first. 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 






START READ/WRITE 


wee 


= SLAVE ADDRESS 
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Following the start condition, the 24LC32A monitors 
the SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri- 
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24LC32A will select a read or 
write operation. 


| ee | 
Read 1010 Device Address 1 | 
Write 1010 Device Address 0 









FIGURE 3-3: ADDRESS SEQUENCE BIT ASSIGNMENTS 
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4.0 WRITE OPERATION 


4.1 Byte Write 


Following the start condition from the master, the con- 
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit during the ninth clock cycle. Therefore, the 
next byte transmitted by the master is the high-order 
byte of the word address and will be written into the 
address pointer of the 24LC32A. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24LC32A the master 
device will transmit the data word to be written into the 
addressed memory location. 


The 24LC32A acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24LC32A will not 
generate acknowledge signals (Figure 4-1). 


FIGURE 4-1: BYTE WRITE 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC32A in the same way 
as in a byte write. But instead of generating a stop con- 
dition, the master transmits up to 32 bytes which are 
temporarily stored in the on-chip page buffer and will be 
written into memory after the master has transmitted a 
stop condition. After receipt of each word, the five lower 
address pointer bits are internally incremented by one. 
If the master should transmit more than 32 bytes prior 
to generating the stop condition, the address counter 
will roll over and the previously received data will be 
overwritten. As with the byte write operation, once the 
stop condition is received, an internal write cycle will 
begin. (Figure 4-2). 


S 
; S 
BUS ACTIVITY 
A CONTROL ADDRESS ADDRESS T 
oe R BYTE HIGH BYTE §LOWBYTE DATA O 


A a aM oe ee 
SDA LINE bite PELE EEE EEE 
A A A A 


BUS ACTIVITY ¢ 


FIGURE 4-2: PAGE WRITE 





S 


Bus ACTIVITY | 
MASTER A CONTROL ADDRESS 
Rs BYTE HIGH BYTE 


Nae Ne a ee a oe ee SoD CRORES 

SOA LUNE ie ie 
A A A A 

C C 2 C 


BUS ACTIVITY 


K 


ADDRESS 
LOW BYTE DATA BYTE 0 


AQ 


Cc 
K 


AQ 


S 
T 
DATABYTE31 © 


K 


DS21144C-page 3-192 


© 1998 Microchip Technology Inc. 


24LC32A 





5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. Acknowledge 
Polling (ACK) can be initiated immediately. This 
involves the master sending a start condition followed 
by the control byte for a write command (R/W = 0). If 
the device is still busy with the write cycle, then NO 
ACK will be returned. If the cycle is complete, then the 
device will return the ACK and the master can then pro- 
ceed with the next read or write command. See 
Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 
(ACK = 0)? 


YES 
Next 
Operation 


FIGURE 6-1: CURRENT ADDRESS READ 
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6.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


6.1 Current Address Read 


The 24LC32A contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (nis 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24LC32A issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24LC32A discontinues transmission (Figure 6-1). 


6.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC32A as part of a write operation (R/W bit set to 
zero). After the word address is sent, the master gen- 
erates a start condition following the acknowledge. This 
terminates the write operation, but not before the inter- 
nal address pointer is set. Then the master issues the 
control byte again but with the R/W bit set to a one. The 
24LC32A will then issue an acknowledge and transmit 
the 8-bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24LC32A to discontinue transmission 
(Figure 6-2). 
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6.3 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24LC32A's on the same bus. 


In this case, software can use AO of the control byte as’ 


address bit A12, A1 as address bit A13, and A2 as 
address bit A14. 


FIGURE 6-2: RANDOM READ 
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FIGURE 6-3: SEQUENTIAL READ 
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6.4 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC32A transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24LC32A to transmit the 
next sequentially addressed 8-bit word (Figure 6-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


To provide sequential reads the 24LC32A contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The internal address pointer will 
automatically roll over from address OFFF to address 
000 if the master acknowledges the byte received from 
the array address OFFF. 
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7.0 PIN DESCRIPTIONS 


7.1 AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24LC32A for multi- 
ple device operation and conform to the 2-wire bus 
standard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AQ) in the control byte 
(Figure 3-3). 


7.2 SDA Serial Address/Data Input/ 
Output 


This is a Bi-directional pin used to transfer addresses — 


and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL HIGH are 
reserved for indicating the START and STOP condi- 
tions. 


7.3. SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


7.4 WP 


This pin must be connected to either VSs or VCc. 


If tied to VSs, normal memory operation is enabled 
(read/write the entire memory 000-FFF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


8.0 NOISE PROTECTION 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to ensure proper device operation 
even on a noisy bus. All !/O lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 


9.0 POWER MANAGEMENT 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 


_ after the normal termination of any operation when a 


stop bit is received and all internal functions are com- 
plete. This includes any error conditions, i.e., not 
receiving an acknowledge or stop condition per the 2- 
wire bus specification. The device also incorporates 


-VbD monitor circuitry to prevent inadvertent writes (data 


corruption) during low-voltage conditions. The Vop 
monitor circuitry is powered off when the device is in 
standby mode in order to further reduce power con- 
sumption. 
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24LC32A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. . 


24LC32A - 


= Plastic DIP (300 mil Body), 8-lead 
Package: = Plastic SOIC (150 mil Body, EIAJ standard), 8-lead 
Plastic SOIC (207 mil Body, EIAJ standard), 8-lead 


Temperature 0°C to +70°C 
Range: | = -40°C to +85°C 


Device: 24LC32A 32K I?C Serial EEPROM (100 kHz, 400 kHz) 
24LC32AT 32K I@C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office ; 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Woridwide Web Site (www.microchip.com) 
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32K 5.0V FC Serial EEPROM 





FEATURES 


* Voltage operating range: 4.5V to 5.5V 

- Maximum write current 3 mA at 5.5V 

- Standby current 1 yA typical at 5.0V 

2-wire serial interface bus, I@C™ compatible 
100 kHz and 400 kHz compatibility 

Self-timed ERASE and WRITE cycles 

Power on/off data protection circuitry 

Hardware write protect 

1,000,000 Erase/Write cycles guaranteed 
32-byte page or byte write modes available 
Schmitt trigger filtered inputs for noise suppres- 
sion 

Output slope control to eliminate ground bounce 
2 ms typical write cycle time, byte or page 

Up to eight devices may be connected to the 
same bus for up to 256K bits total memory 


e Electrostatic discharge protection > 4000V 
¢ Data retention > 200 years 
¢ 8-pin PDIP and SOIC packages 
¢ Temperature ranges 
- Commercial (C): 0°C to 70°C 
- Industrial (1): -40°C to +85°C 
- Automotive (E): -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 24C32A is a 4K x 8 
(32K bit) Serial Electrically Erasable PROM. It has 
been developed for advanced, low power applications 
such as personal communications or data acquisition. 
The 24C32A also has a page-write capability of up to 
32 bytes of data. The 24C32A is capable of both ran- 
dom and sequential reads up to the 32K boundary. 
Functional address lines allow up to eight 24C32A 
devices on the same bus, for up to 256K bits address 
space. Advanced CMOS technology and broad voltage 
range make this device ideal for low-power/low-volt- 
age, nonvolatile code and data applications. The 
24C32A is available in the standard 8-pin plastic DIP 
and both 150 mil and 200 mil SOIC packaging. 


°C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: | PIN FUNCTION TABLE 
CHARACTERISTICS 7 eas 
1.1 Maximum Ratings” AO,A1,A2 User Configurable Chip Selects 
oc REE Se Oe TS eRe ITT 7.0V vss areune 
All inputs and outputs wrt. VSS... -0.6V to Vcc +1.0V SDA Serial Address/Data I/O 
Storage temperature ............cceccsecssesseeseees -65°C to +150°C SCL Serial Clock 
Sokering temperature of leads (10 seconds)... 400°C een 
Stessecvedeee + 
ESD protection on alll pins... .cceccescssesssesssecssssessecsseeeees >4kV Vcc +4.5V to 5.5V Power Supply 


“Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vee = +4.5V to 5.5V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 
Automotive(E): Tamb = -40°C to +125°C 



















[units [Conditions 


VIN = .1V to Vcc 


VouT = .1V to Vcc 


V 
V 
V 
} V 
| 10 | A 
[3 | mA 
bil 















pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger 
inputs 

Low level output voltage 


Pin capacitance CIN, COUT 

er 
eel 
kes 














(Note) 


lol = 3.0 mA 





| Tamb = 25°C, F, = 1 MHz 


Vcc = 5.5V, SCL = 400 kHz 
Vcc = 5.5V, SCL = 400 kHz 


an SCL = SDA = Vcc = 5.5V 


WP = Vss, AO, Ai, A2 = Vss 


3 


Operating current 
Icc Read 
Standby current 


Note: This parameter is periodically sampled and not 100% tested. 
FIGURE 1-1: BUS TIMING START/STOP 


5 
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TABLE 1-3: AC CHARACTERISTICS 


—_ sss 
arameter emarks 
| Min | Max | 
Clock frequency rox | — | io] ef 
Clock high ime [ten | 4000 [| — [re | SSS 
Clock ow time [now | aoo | — [re | SSS 
SDA and SCL ricetime | Tm | — | 100 | ns [Woe SCS 





































START condition hold time THD:STA 4000 After this period the first clock 
pulse is generated 
START condition setup time 4700 Only relevant for repeated 


START condition 
Data input hold time 


Data input setup time [“Tsuroxr [250 


STOP condition setup time TSU:STO 4000 
Output valid from clock [Tan | — | 3500 


Bus free time TBUF 4700 Time the bus must be free 
before a new transmission can 

Output fall time from VIH min to eae Cae Roe ae (Note 1), CB < 100 pF 

Input filter spike suppression TSP (Note 3) 

(SDA and SCL pins) 

Write cycle time ce 


Endurance 1M cycles | 25°C, Vcc = 5.0V, Block Mode 
(Note 4) 
2 


















< 
i 
3 
Q 


Note 1: Not 100% tested. CB = Total capacitance of one bus line in pF. 
: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VHYS specifications are due to Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Ti specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUSTIMING DATA 


TSU:STA—> 
TSU:DAT TSU:STO —> 
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2.0 FUNCTIONAL DESCRIPTION 


The 24C32A supports a Bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the Serial Clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C32A works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24C32A) will leave the data line HIGH 
to enable the master to generate the STOP condition. 


FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a 4-bit control code; for the 24C32A this is 
set as 1010 binary for read and write (R/W) operations. 
The next three bits of the control byte are the device 
select bits (A2, A1, AO). They are used by the master 
device to select which of the eight devices are to be 
accessed. These bits are in effect the three most signif- 
icant bits of the word address. The last bit of the control 
byte defines the operation to be performed. When set 
to a one a read operation is selected, and when set to 
a zero a write operation is selected. The next two bytes 
received define the address of the first data byte 
(Figure 3-3). Because only A11...A0 are used, the 
upper four address bits must be zeros. The most signif- 
icant bit of the most significant byte of the address is 
transferred first. 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 


START READ/WRITE 


ee. 


\ 


/ 


/ x 





Following the start condition, the 24C32A monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri- 
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24C32A will select a read or 
write operation. 


Operation Centro Device Select R/W 
Code 
1010 Device Address 
1010 Device Address | 





FIGURE 3-3: ADDRESS SEQUENCE BIT ASSIGNMENTS 
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4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the con- 
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit during the ninth clock cycle. Therefore, the 
next byte transmitted by the master is the high-order 
byte of the word address and will be written into the 
address pointer of the 24C32A. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24C32A the master 
device will transmit the data word to be written into the 
addressed memory location. 


The 24C32A acknowledges again and the master gen- 
erates a stop condition. This initiates the internal write 
cycle, and during this time the 24C32A will not gener- 
ate acknowledge signals (Figure 4-1). 


FIGURE 4-1: BYTE WRITE 


S 
BUS ACTIVITY 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C32A in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to 32 bytes which are tem- 
porarily stored in the on-chip page buffer and will be 
written into memory after the master has transmitted a 
stop condition. After receipt of each word, the five lower 
address pointer bits are internally incremented by one. 
If the master should transmit more than 32 bytes prior 
to generating the stop condition, the address counter 
will roll over and the previously received data will be 
overwritten. As with the byte write operation, once the 
stop condition is received, an internal write cycle will 
begin. (Figure 4-2). 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. Acknowledge 
Polling (ACK) can be initiated immediately. This 
involves the master sending a start condition followed 
by the control byte for a write command (R/W = 0). If 
the device is still busy with the write cycle, then NO 
ACK will be returned. If the cycle is complete, then the 
device will return the ACK and the master can then pro- 
ceed with the next read or write command. See 
Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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FIGURE 6-1: CURRENT ADDRESS READ 
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6.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


6.1 Current Address Read 


The 24C32A contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (nis 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24C32A issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24C32A discontinues transmission (Figure 6-1). 


6.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C32A as part of a write operation (R/W bit set to 
zero). After the word address is sent, the master gen- 
erates a start condition following the acknowledge. This 
terminates the write operation, but not before the inter- 
nal address pointer is set. Then the master issues the 
control byte again but with the R/W bit set to a one. The 
24C32A will then issue an acknowledge and transmit 
the 8-bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24C32A to discontinue transmission 
(Figure 6-2). 
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6.3 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24C32A's on the same bus. 
In this case, software can use AO of the control byte as 
address bit A12, A1 as address bit A13, and A2 as 
address bit A14. 


FIGURE 6-2: RANDOM READ 
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6.4 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24C32A transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24C32A to transmit the 
next sequentially addressed 8-bit word (Figure 6-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


To provide sequential reads the 24C32A contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The internal address pointer will 
automatically roll over from address OFFF to address 
000 if the master acknowledges the byte received from 
the array address OFFF. 
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7.0 PIN DESCRIPTIONS 


7.1 AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24C32A for multiple 
device operation and conform to the 2-wire bus stan- 
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AQ) in the control byte 
(Figure 3-3). 


7.2 SDA Serial Address/Data Input/ 
Output 


This is a Bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL HIGH are 
reserved for indicating the START and STOP condi- 
tions. 


7.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


7.4 WP 


This pin must be connected to either Vss or Vcc. 


If tied to VSs, normal memory operation is enabled 
(read/write the entire memory 000-FFF). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


8.0 NOISE PROTECTION 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to ensure proper device operation 
even on a noisy bus. All I/O lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 


9.0 POWER MANAGEMENT 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all interna! functions are com- 
plete. This includes any error conditions, i.e., not 
receiving an acknowledge or stop condition per the 
two-wire bus specification. The device also incorpo- 
rates VDD monitor circuitry to prevent inadvertent writes 
(data corruption) during low-voltage conditions. The 
VbpD monitor circuitry is powered off when the device is 
in standby mode in order to further reduce power con- 
sumption. 
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24C32A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. . 


24C32A - ip 
| P = Plastic DIP (300 mil Body), 8-lead 


Package: SN = Plastic SOIC (150 mil Body, EIAJ standard) 
: SM = Plastic SOIC (207 mil Body, ElAU standard) 


Temperature Blank = O° to+70°C 
Range: I= -40°C to +85°C 
E = -40°C to +125°C 


24C32A 32K I°C Serial EEPROM (100 kHz, 400 kHz) 
24C32AT 32K I°C Serial EEPROM (Tape and Reel) 


Device: 


Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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32K 1.8V FC" Smart Serial» EEPROM 





FEATURES 


¢ Voltage operating range: 1.8V to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 A at 6.0V 
- Standby current 1 pA typical 
¢ Industry standard two-wire bus protocol, I°@C™ 
compatible 
- Including 100 kHz (1.8V) and 400 kHz (5V) 
modes 
¢ Self-timed ERASE and WRITE cycles 
¢ Power on/off data protection circuitry 
e¢ Endurance: 
- 10,000,000 Erase/Write (E/W) cycles guaran- 
teed for High Endurance Block 
- 1,000,000 E/W cycles guaranteed for 
Standard Endurance Block 
¢ 8 byte page, or byte modes available 
1 page x 8 line input cache (64 bytes) for fast 
write loads 
Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
2 ms typical write cycle time, byte or page 
Factory programming (QTP) available 
Up to 8 devices may be connected to the same 
bus for up to 256K bits total memory 
Electrostatic discharge protection > 4000V 
Data retention > 200 years 
8-pin PDIP/SOIC packages 
Temperature ranges 
- Commercial (C): 


DESCRIPTION 


The Microchip Technology Inc. 24AA32 is a 4K x 8 
(32K bit) Serial Electrically Erasable PROM capable of 
operation across a broad voltage range (1.8V to 6.0V). 
This device has been developed for advanced, low 
power applications such as personal communications 
or data acquisition. The 24AA32 features an input 
cache for fast write loads with a capacity of eight 8-byte 
pages, or 64 bytes. It also features a fixed 4K bit block 
of ultra-high endurance memory for data that changes 
frequently. The 24AA32 is capable of both random and 
sequential reads up to the 32K boundary. Functional 
address lines allow up to eight 24AA32 devices on the 
same bus, for up to 256K bits address space. 


0°C to +70°C 


I2C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technology Inc. 


© 1998 Microchip Technology Inc. 








HV GENERATOR 


MEMORY 


EPR 
CONTROL pela 


ARRAY 
PAGE LATCHES 


SENSE AMP 
R/W CONTROL 


Advanced CMOS technology and broad voltage range 
make this device ideal for low-power/low voltage, non- 
volatile code PACKAGE TYPEsand data applications. 
The 24AA32 is available in the standard 8-pin plastic 
DIP and 8-pin surface mount SOIC package. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings* | 

MGS sssircairreraieetaressicietea ea Wee eres aes asa aie sans 7.0V A0,A1,A2 User Configurable Chip Selects 
All inputs and outputs w.r.t. VSS ............... -0.6V to VCC +1.0V  Vss Ground 

Storage temperature ............cseccseessesscereneens -65°C to +150°C SDA Serial Address/Data I/O 
Ambient temp. with power applied................. -65°C to +125°C : 

Soldering temperature of leads (10 seconds).............. +300°C SCL parla. Cicen 

ESD protection on alll Pins wu... ses tscseseereteeeeeeees 24kV Vcc +1 BV to 6.0V Power Supply 
*Notice: Stresses above those listed under “Maximum Ratings” NC No Internal Connection 





may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +1.8V to 6.0V 
Commercial (C): Tamb =0°C to +70°C 
Industrial (I): Tamb =-40°C to +85°C 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger inputs 


Low level output voltage 


Operating current Vcc = 6.0V, SCL = 400 kHz 
Vcc = 6.0V, SCL = 400 kHz 


Standby current Vcc = 5.0V, SCL = SDA = Vcc 
AO, Ai, A2 = Vss (Note) 
Vcc = 1.8V, SCL = SDA = Vcc 
AO, A1, A2 = Vss (Note) 





Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: © AC CHARACTERISTICS 














Vcc = 1.8V- 
6.0V 
STD. MODE 








Vcc = 4.5 - 6.0V 
FAST MODE 











Parameter Symbol Remarks 































|Clock frequency ss | Fok | — | 100 | — | ce ete 
4000 | — ae re 
4700 | — | 1300 | ie ae 
|SDA and SCLrisetime || —s TR =| ~— | 1000 | — | 300 | ns __|(Note 1) 

| SDA and SCL tall time TF — 300 30 ns 





START condition hold time THD:STA | 4000 
START condition setup time 4700 ead 





1a ; 
Cc 
co) 













Only relevant for repeated 
START condition 
|_ns | (Note 2) 
* can start 
(Note 4) 


ee eee 
Time the bus must be free 
before a new transmission 
0 (Note 1), CB < 100 pF 
0 (Note 3) 
25°C, Vcc = 5.0V, Block 
Cycle Mode (Note 5) 






S 
= 





Data input hold time | THo:paT | 0 Ot 
STOP condition setup time 4000 | — | 600 | 
| Output valid from clock ey ee ee 3500 Lee 
Output fall time from VIH min to TOF ; 5 
VIL max Ca 
Input filter spike suppression TSP 5 
(SDA and SCL pins) 
[Write cycletime | Twa | — ae ee 
Endurance 
10M 
Rest of Array 1M 1M 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 
4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 
5: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


_ a oe 
aieae 
High Endurance Block 
Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 
3: The combined Tsp and VHyYs specifications are due to new Schmitt trigger inputs which provide improved 
cache for total time. 
FIGURE 1-2: _BUSTIMING DATA 





SCL 


TSU:STA —> THD:DAT 


KKK KKK, 
RRR RY 
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2.0 FUNCTIONAL DESCRIPTION 


The 24AA32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA32 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24AA3z2) will leave the data line HIGH 
to enable the master to generate the STOP condition. 


FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 


ADDRESS OR 
ACKNOWLEDGE 
VALID 


START 
CONDITION 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a four bit control code; for the 24AA32 this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte 
defines the operation to be performed. When set to a 
one a read operation is selected, and when set to a 
zero a write operation is selected. The next two bytes 
received define the address of the first data byte 
(Figure 3-3). Because only A11...A0 are used, the 
upper four address bits must be zeros. The most signif- 
icant bit of the most significant byte of the address is 
transferred first. 


Following the start condition, the 24AA32 monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri- 
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on 
the state of the R/W bit, the 24AA32 will select a read 
or write operation. 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 


START 








Operation aul Device Select | Rav 
Read | 1010 Device Address 1 
Write 1010 Device Address 0 





FIGURE 3-3: | ADDRESS SEQUENCE BIT ASSIGNMENTS 


CONTROL BYTE 


ee ee 
AI!A/ Aig, 


eee ree | rete eee 


SLAVE DEVICE 
ADDRESS SELECT 
BUS 


ADDRESS BYTE 1 


‘ATA; AIA 
11; 710/91] 8 


ADDRESS BYTE 0 


A A 
7 0 
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4.0 WRITE OPERATION 


4.1 Split Endurance 


The 24AA32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 10,000,000 E/W cycles guaranteed. The 
remainder of the array, 28K bits, is rated at 100,000 E/ 
W cycles guaranteed. This feature is helpful in applica- 
tions in which some data change frequently, while a 
majority of the data change infrequently. One example 
would be a cellular telephone in which last-number 
redial and microcontroller scratch pad require a high- 
endurance block, while speed dials and lookup tables 
change infrequently and so require only a standard 
endurance rating. 


4.2 Byte Write 


Following the start condition from the master, the con- 
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit during the ninth clock cycle. Therefore the 
next byte transmitted by the master is the high-order 
byte of the word address and will be written into the 
address pointer of the 24AA32. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24AA32 the master 
device will transmit the data word to be written into the 
addressed memory location. 


FIGURE 4-1: BYTE WRITE 


S 
mae ACTIVITY 


T 
A CONTROL 
ASTER R B 


SDA LINE 


BUS ACTIVITY 


The 24AA32 acknowledges again and the master gen- 
erates a stop condition. This initiates the internal write 
cycle, and during this time the 24AA32 will not generate 
acknowledge signals (Figure 4-1). 


4.3 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA32 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to eight pages of eight 
data bytes each (64 bytes total) which are temporarily 
stored in the on-chip page cache of the 24AA32. They 
will be written from cache into the EEPROM array after 
the master has transmitted a stop condition. After the 
receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre- 
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre- 
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once a stop condition is received, an internal 
write cycle will begin. The 64-byte cache will continue 
to capture data until a stop condition occurs or the © 
operation is aborted (Figure 4-2). 


Word 


Word 
Address (1) Address (0) 





FIGURE 4-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 7-1) 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 


Send Control Byte 
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Did Device 
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Operation 





FIGURE 6-1: CURRENT ADDRESS READ 
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6.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


6.1 Current Address Read 


The 24AA32 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24AA32 issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24AA32 discontinues transmission (Figure 6-1). 


6.2 Random Read 


Random read operations allow the master to access | 


‘any memory location in a random manner. To perform 


this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con- 
trol byte again but with the R/W bit set to a one. The 
24AA32 will then issue an acknowledge and transmit 
the eight bit data word. The master will not acknowl- 
edge the transfer but does generate a stop condition 
which causes the 24AA32 to discontinue transmission 
(Figure 6-2). 


DATA BYTE 
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6.3 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24AA32's on the same bus. 
In this case, software can use AO of the control byte as 
address bit Ai2, A1 as address bit A13, and A2 as 
address bit A14. | 


6.4 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24AA32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24AA32 to transmit the 
next sequentially addressed 8 bit word (Figure 6-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


FIGURE 6-2: RANDOM READ 


CONTROL WORD 
BYTE ADDRESS (1) 


SDA LINE! S 


BUS. 
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FIGURE 6-3: SEQUENTIAL READ 


BUS ACTIVITY 
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To provide sequential reads the 24AA32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address O7FF to address 0000. It 
will roll from O7FF to unused memory space. 


6.5 Noise Protection 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to ensure proper device operation 
even on a noisy bus. All 1/O lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 


CONTROL 
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6.6 PAGE CACHE AND ARRAY MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro- 
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. Even 
if a page is only partially loaded, it will still require the 
same cycle time as a full page. If more than 64 bytes of 
data are loaded before the stop bit is given, the address 
pointer will ‘wrap around’ to the beginning of cache 
page 0 and existing bytes in the cache will be overwrit- 
ten. The device will not respond to any commands 
while the write cycle is in progress. 


6.7 Cache Write Starting at a Page 
Boundary 


If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, 
(Figure 4-2) a write command is initiated starting at 
byte 0 of page 3 with a fully loaded cache (64 bytes). 
The first byte in the cache is written to byte 0 of page 3 
(of the array), with the remaining pages in the cache 
written to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 


6.8 Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, the 
first byte loaded into the cache is always loaded into 
page 0. The byte within page 0 of the cache where the 
load begins is determined by the three least significant 
address bits (A2, A1, AO) that were sent as part of the 
write command. If the write command does not start at 
byte O of a page and the cache is fully loaded, then the 
last byte(s) loaded into the cache will roll around to 
page 0 of the cache and fill the remaining empty bytes. 
If more than 64 bytes of data are loaded into the cache, 
data already loaded will be overwritten. In the example 
shown in Figure 7-2, a write command has been initi- 
ated starting at byte 2 of page 3 in the array with a fully 
loaded cache of 64 bytes. Since the cache started load- 
ing at byte 2, the last two bytes loaded into the cache 
will'roll over' and be loaded into the first two bytes of 


page 0 (of the cache). When the stop bit is sent, page 
O of the cache is written to page 3 of the array. The. 
remaining pages in the cache are then loaded sequen- 
tially to the array. A write cycle is executed after each 
page is written. If a partially loaded page in the cache 
remains when the STOP bit is sent, only the bytes that 
have been loaded will be written to the array. 


6.9 Power Management 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all internal functions are com- 
plete. This includes any error conditions, ie. not receiv- 
ing an acknowledge or stop condition per the two-wire 
bus specification. The device also incorporates VoD 
monitor circuitry to prevent inadvertent writes (data cor- 
ruption) during low-voltage conditions. The VDD moni- 
tor circuitry is powered off when the device is in 
standby mode in order to further reduce power con- 
sumption. 


7.0 PIN DESCRIPTIONS 


7.1 AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24AA3z2 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AO) in the control byte 
(Figure 3-3). 


7.2 SDA Serial Address/Data Input/ 
Output 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 400 
kHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


7.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 7-1: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. 2) 64 bytes of data are loaded into cache. 


| cache page 0 | 
cache | cache cache | cache page 1 # cache page 2 cache page 7 | 
| byte O | byte 1 byte7 | bytes8-15 ] bytes 16-23 bytes 56-63 


(3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


(5) Last page in cache written to page 2 in next row. 





FIGURE 7-2: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


G4) Write command initiated; 64 bytes of data (2) Last 2 bytes loaded ‘roll over’ 


ee into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into 
page 0 of cache. cache | cache a cache j cache page 1 | cache page 2} cache page 7] | 
byte 0 | byte 1 | byte2 byte 7§ bytes 8-15 bytes 16-23 bytes 56-63 | 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. 6) Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


four 


Last 3 pages in cache written to next row in array. 
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NOTES: 
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24AA32 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24AA32 - 


: P = Plastic DIP (300 mil Body), 8-lead 
paCnage: SM = Plastic SOIC (207 mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: 


24AA32 16K IC Serial EEPROM 


Device: 
24AA32T 16K I@C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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32K 2.5V fC” Smart Serial EEPROM 





FEATURES 


e Voltage operating range: 2.5V to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 pA at 6.0V 
- Standby current 1 uA typical 
Industry standard two-wire bus protocol, I@C™ 
compatible 
- Including 100 kHz (2.5V) and 400 kHz (5V) modes 
Self-timed ERASE and WRITE cycles 
Power on/off data protection circuitry 
Endurance: 
- 10,000,000 Erase/Write cycles 
guaranteed for High Endurance Block 
- 1,000,000 E/W cycles guaranteed for 
Standard Endurance Block | 
8 byte page, or byte modes available 
1 page x 8 line input cache (64 bytes) for fast 
write loads 
Schmitt trigger, filtered inputs for noise suppression 
Output slope control to eliminate ground bounce 
2 ms typical write cycle time, byte or page 
Factory programming (QTP) available 
Up to 8 devices may be connected to the same 
bus for up to 256K bits total memory 


eo @® @© @ @® 


¢ Electrostatic discharge protection > 4000V 
¢ Data retention > 200 years 
¢ 8-pin PDIP/SOIC packages 
e Temperature ranges 

- Commercial (C): 0°C to +70°C 

- Industrial (I): -40° to +85° 
DESCRIPTION 


The Microchip Technology Inc. 24LC32 is a 4K x 8 
(32K bit) Serial Electrically Erasable PROM capable of 
operation across a broad voltage range (2.5V to 6.0V). 
This device has been developed for advanced, low 
power applications such as personal communications 
or data acquisition. The 24LC32 features an input 
cache for fast write loads with a capacity of eight 8-byte 
pages, or 64 bytes. It also features a fixed 4K-bit block 
of ultra-high endurance memory for data that changes 
frequently. The 24LC32 is capable of both random and 
sequential reads up to the 32K boundary. Functional 
address lines allow up to eight 24LC32 devices on the 
same bus, for up to 256K bits address space. 
Advanced CMOS technology and broad voltage range 
make this device ideal for low-power/low voltage, non- 
volatile code and data applications. The 24LC32 is 
available the standard 8-pin in plastic DIP and 8-pin 
surface mount SOIC package. 


I2C is a trademark of Philips Corporation. Smart Serial is a trademark of Microchip Technology Inc. 


© 1998 Microchip Technology Inc. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 


akan wri ae | _ Name | Function —| 
1.1 Maximum Ratings* AO,A1,A2 User Configurable Chip Selects 
0 oc Ee ee ee Re eR eee 7.0V bis rune 
All inputs and outputs w.rt. VSS .............. -0.6V to VCC +1.0V SDA Serial Address/Data V/O 
Storage temperature ...........cecsseseeseeeeeees OD C to +150°C SCL Serial Clock 
Ambient temp. with power applied................. -65°C to +125°C Vcc +2.5V to 6.0V Power Supply 
Soldering temperature of leads (10 seconds)............. +300°C ; 
ESD protection On alll PINS 0.0... ees csceeetsesteeeeesseees 24kV NC No Internal Connection 





*Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


VCC = +2.5V to 6.0V 
Commercial (C): Tamb =0°C to +70°C 
Industrial (I): Tamb =-40°C to +85°C 


(renee [Smt | an |x | vate | condone 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger inputs 
Low level output voltage 
Input leakage current 


Output leakage current 
Pin capacitance CIN, Vcc = 5.0V (Note) 
| (all inputs/outputs) CouT Tamb = 25°C, Felk = 1 MHz 
| Operating current icc Write mA  |\Vcc = 6.0V, SCL = 400 kHz 
Icc Read LA Vcc = 6.0V, SCL = 400 kHz 
| Standby current 5 uA |Vcc=5.0V, SCL = SDA = Vcc 
AO, A1, A2 = Vss 


Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 





TSU:STA 
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TABLE 1-3: AC CHARACTERISTICS 





















Vcc = 2.5V- 











Vcc = 4.5- 6.0V 



































6.0V 
Parameter Symbol STD. MODE FAST MODE Remarks 
[Clock frequency | Fuk | cet OO eC NED Ait ones eee 
Es ee oe a eee 
4700 | 1300 | — | ee aes, 
|SDAandSCLrisetime | TR | 


w 
oO 
oO 





) 


| KHz 
[eral 
| ons | 
| ons | 
After this period the first clock 
ae eel 
| ons | 
| ons 
| ns | 


6 


oh, 
Sie 
ro) 
o/8 


START condition hold time 4000 
START condition setup time 4700 


Data input hold time 
Data input setup time 


STOP condition setup time 4 


Output valid from clock 


Bus free time TBUF 4700 
TOF 


Output fall time from ViH min 
to Vit max 
Input filter spike suppression TSP ae 


SDA and SCL fall time TF 
: 00 
i 600 Only relevant for repeated 
START condition 


ye) 


3 
Q|C 
oo 
QO 
(2) 


5 







900 | ns ___| (Note 2) 


Time the bus must be free 
before a new transmission can 
start 

oun (Note 1), CB < 100 pF 


ms/page | (Note 4) 
Rest of Array 


ns 
ns 
Note 1: Not 100% tested. Cs = total capacitance of one bus line in pF. 


2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 
cache for total time. 

5: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained from our website. 


FIGURE 1-2: _BUSTIMING DATA 


1300 





OQ 
Oo 


250 | 20 +0.1 






(SDA and SCL pins) 
Write cycle time 


Endurance 
High Endurance Block 


250 
50 
5 







10M 25°C, Vcc = 5.0V, Block Mode 


(Note 5) 






Oo 
oO 





SCL 


TSU:STA > THD:DAT 


AA KAKA AKA AAA AAAY 


QUT SR RRRRRRRERS 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC32 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the ciock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
Ail commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


FIGURE 3-1: 


(A) (B) (D) 





SCL 


SDA 





START ADDRESS OR 
CONDITION ACKNOWLEDGE 
VALID 






RRO 


x 
RRR 


3.4 Data Valid (D). 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
- duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 


of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24LC32) will leave the data line HIGH 
to enable the master to generate the STOP condition. 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


(D) (C) | (A) 




















(44% 








DATA 
ALLOWED 
TO CHANGE 


STOP 
CONDITION 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a four bit control code; for the 24LC32 this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte 
defines the operation to be performed. When set to a 
one a read operation is selected, and when set to a 
zero a write operation is selected. The next two bytes 
received define the address of the first data byte 
(Figure 3-3). Because only A11...A0 are used, the 
upper four address bits must be zeros. The most signif- 
icant bit of the most significant byte of the address is 
transferred first. 


Following the start condition, the 24LC32 monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri- 
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on 
the state of the R/W bit, the 24LC32 will select a read 
or write operation. 








FIGURE 3-2: CONTROL BYTE 
ALLOCATION 


START READ/WRITE 


\ 


\ 






Sa |_ nia = 
Read 1010 Device Address 
Write 1010 Device Address 











FIGURE 3-3: ADDRESS SEQUENCE BIT ASSIGNMENTS 


CONTROL BYTE 


pe 
AI|A/ AI, 
be 


SLAVE DEVICE 
ADDRESS SELECT 
BUS 


ADDRESS BYTE 1 


ADDRESS BYTE 0 


AI|A/AIA A A 
11} 10) 9) 8 7 0 
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4.0 WRITE OPERATION 


4.1 Split Endurance 


The 24LC32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 10,000,000 E/W cycles guaranteed. The 
remainder of the array, 28K bits, is rated at 100,000 E/ 
W cycles guaranteed. This feature is helpful in applica- 
tions in which some data change frequently, while a 
majority of the data change infrequently. One example 
would be a cellular telephone in which last-number 
redial and microcontroller scratch pad require a high- 
endurance block, while speed dials and lookup tables 
change infrequently and so require only a standard 
endurance rating. 


4.2 Byte Write 


Following the start condition from the master, the con- 
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit during the ninth clock cycle. Therefore the 
next byte transmitted by the master is the high-order 
byte of the word address and will be written into the 
address pointer of the 24LC32. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24LC32 the master 
device will transmit the data word to be written into the 
addressed memory location. | 


FIGURE 4-1: BYTE WRITE 


S 
T 
a CONTROL 


BUS ACTIVITY 
MASTER 


SDA LINE 


BUS ACTIVITY 


Word 
Address (1) 


The 24LC32 acknowledges again and the master gen- 
erates a stop condition. This initiates the internal write 
cycle, and during this time the 24LC32 will not generate 
acknowledge signals (Figure 4-1). 


4.3 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC32 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to eight pages of eight 
data bytes each (64 bytes total) which are temporarily 
stored in the on-chip page cache of the 24LC32. They 
will be written from cache into the EEPROM array after 
the master has transmitted a stop condition. After the 
receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre- 
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre- 
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once a stop condition is received, an internal 
write cycle will begin. The 64-byte cache will continue 
to capture data until a stop condition occurs or the 
operation is aborted (Figure 4-2). 


Word 
Address (0) 





FIGURE 4-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 7-1) 





S 


s 
Magee A CONTROL Word 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write: com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 





FIGURE 6-1: CURRENT ADDRESS READ 


BUS ACTIVITY CONTROL 
MASTER YT 


SDA LINE 


BUS ACTIVITY 


6.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


6.1 Current Address Read 


The 24LC32 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24LC32 issues an acknowledge and transmits the eight 
bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24LC32 discontinues transmission (Figure 6-1). 


6.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con- 
trol byte again but with the R/W bit set to a one. The 
24LC32 will then issue an acknowledge and transmit 
the eight bit data word. The master will not acknowl- 
edge the transfer but does generate a stop condition 
which causes the 24LC32 to discontinue transmission 
(Figure 6-2). . 
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6.3 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24LC32's on the same bus. 
In this case, software can use AO of the control byte as 
address bit A12, A1 as address bit A13, and A2 as 
address bit A14. 


6.4 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24LC32 to transmit the 
next sequentially addressed 8 bit word (Figure 6-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


FIGURE 6-2: RANDOM READ 


CONTROL WORD 
a ae ADDRESS Racial 


BUS 


ACTIVITY: 


FIGURE 6-3: SEQUENTIAL READ 


BUS ACTIVITY rat a 
MASTER 


ADDRESS Pile Gain 


nel bb OUT 


DATA n DATA n + 1 


To provide sequential reads the 24LC32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address O7FF to address 0000. It 
will roll from O7FF to unused memory space. 


6.5 Noise Protection 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to ensure proper device operation 
even on a noisy bus. All 1/O lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 
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6.6 PAGE CACHE AND ARRAY MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro- 
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. Even 
if a page is only partially loaded, it will still require the 
same cycle time as a full page. If more than 64 bytes of 
data are loaded before the stop bit is given, the address 
pointer will'wrap around’ to the beginning of cache 
page 0 and existing bytes in the cache will be overwrit- 
ten. The device will not respond to any commands 
while the write cycle is in progress. 


6.7 Cache Write Starting at a Page 
Boundary 


If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. in the example shown below, 
(Figure 4-2) a write command is initiated starting at 
byte 0 of page 3 with a fully loaded cache (64 bytes). 
The first byte in the cache is written to byte 0 of page 3 
(of the array), with the remaining pages in the cache 
written to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 


6.8 Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, the 
first byte loaded into the cache is always loaded into 
page 0. The byte within page 0 of the cache where the 
load begins is determined by the three least significant 
address bits (AZ, Ai, AO) that were sent as part of the 
write command. If the write command does not start at 
byte 0 of a page and the cache is fully loaded, then the 
last byte(s) loaded into the cache will roll around to 
page 0 of the cache and fill the remaining empty bytes. 
If more than 64 bytes of data are loaded into the cache, 
data already loaded will be overwritten. In the example 
shown in Figure 7-2, a write command has been initi- 
ated starting at byte 2 of page 3 in the array with a fully 
loaded cache of 64 bytes. Since the cache started load- 
ing at byte 2, the last two bytes loaded into the cache 
will'roll over' and be loaded into the first two bytes of 
page 0 (of the cache). When the stop bit is sent, page 
O of the cache is written to page 3 of the array. The 
remaining pages in the cache are then loaded sequen- 
tially to the array. A write cycle is executed after each 
page is written. If a partially loaded page in the cache 
remains when the STOP bit is sent, only the bytes that 
have been loaded will be written to the array. 


6.9 Power Management 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all internal functions are com- 
plete. This includes any error conditions, ie. not receiv- 
ing an acknowledge or stop condition per the two-wire 
bus specification. The device also incorporates Vop 
monitor circuitry to prevent inadvertent writes (data cor- 
ruption) during low-voltage conditions. The Vob moni- 
tor circuitry is powered off when the device is in 
standby mode in order to further reduce power con- 
sumption. 
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7.0 PIN DESCRIPTIONS 


7.1 AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24LC32 for multiple 
device operation and conform to.the two-wire bus stan- 
dard. The levels applied to these pins define the 
address. block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AO) in the control byte 
(Figure 3-3). 


FIGURE 7-1: 


4) Write command initiated at byte 0 of page 3 in the array; 


First data byte is loaded into the cache byte 0. 


cache page 0 


7.2 ° SDA Serial Address/Data Input/ 
Output 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 a for 
400 kHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


7.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


(2) 64 bytes of data are loaded into cache. 


cache | cache cache } cache page 1 cache page 2] cache page 7 | 
byte 0 | byte 1 byte 7 | bytes 8-15 bytes 16-23 bytes 56-63 


3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. 
Write cycle is executed after every page is written. 


(4) Remaining pages in cache are written 
to sequential pages in array. 






6) Last page in cache written to page 2 in next row. 


FIGURE 7-2: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


(1) Write command initiated; 64 bytes of data 
ee into cache starting at byte 2 of page 0. 


Last 2 bytes 
loaded into 
page 0 of cache. 


(2) Last 2 bytes loaded ‘roll over’ 
to beginning. 


(4) Write from cache into array initiated by STOP bit. 


Page 0 of cache written to page 3 of array. 
Write cycle is executed after every page is written. 


6) Last 3 pages in cache written to next row in array. 
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(5) Remaining bytes in cache are 
written sequentially to array. 
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24LC32 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LC32 - IP 


P = Plastic DIP (300 mil Body), 8-lead 
L___peckage: SM = Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature Blank = 0°C to +70°C 


Range: I = -40°C to +85°C 


24LC32 32K I*C Serial EEPROM (100 kHz, 400 kHz) 


Device: 
24LC32T 32K I?C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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32K 5.0V °C * Smart Serial» EEPROM 








FEATURES PACKAGE TYPES 


e Voltage operating range: 4.5V to 5.5V 
- Peak write current 3 mA at 5.5V 
- Maximum read current 150 pA at 5.5V 
- Standby current 1 yA typical 
Industry standard two-wire bus protocol, |?0™ 
compatible 
- Including 100 kHz and 400 kHz modes 
¢ Self-timed write cycle (including auto-erase) 
¢ Power on/off data protection circuitry 
Endurance: 
- 10,000,000 Erase/Write cycles 
guaranteed for High Endurance Block 
- 1,000,000 E/W cycles guaranteed for 
Standard Endurance Block 
¢ 8 byte page, or byte modes available 
1 page x 8 line input cache (64 bytes) for fast 
write loads 
Schmitt trigger, filtered inputs for noise suppres- 
sion 
Output slope control to eliminate ground bounce 
2 ms typical write cycle time, byte or page 
Up to 8 chips may be connected to the same bus 
for up to 256K bits total memory 
Electrostatic discharge protection > 4000V 
Data retention > 200 years 
8-pin PDIP/SOIC packages 
Temperature ranges 


® e e 


e 





- Commercial (C): 0°C to +70°C 
- Industrial (1): -40°C to +85°C 
DESCRIPTION 
MEWOR. EEPROM 
The Microchip Technology Inc. 24C32 is a 4Kx 8 (32K poh. ARRAY 
bit) Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 


such as personal communications or data acquisition. 
The 24C32 features an input cache for fast write loads 
with a capacity of eight 8-byte pages, or 64 bytes. It 
also features a fixed 4K-bit block of ultra-high endur- 
ance memory for data that changes frequently. The 
24C32 is capable of both random and sequential reads 
up to the 32K boundary. Functional address lines allow SENSE AMP 
up to eight 24C32 devices on the same bus, for up to Beil 
256K bits address space. Advanced CMOS technol- 
ogy makes this device ideal for low-power non-volatile 
code and data applications. The 24C32 is available in 
the standard 8-pin plastic DIP and 8-pin surface mount 
SOIC package 





I?C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technol Inc. 





© 1998 Microchip Technology Inc. DS21061G-page 3-231 





24C32 








1.0 ELECTRICAL CHARACTERISTICS 
1.1 Maximum Ratings* 


VCS eG itivcrseche race hensevalcaes eave erecta 7.0V 
- All inputs and outputs w.r.t. VSS ............... -0.6V to VCC +1.0V 
Storage temperature .......... cc eesessceeeeseeseeees -65°C to +150°C 
Ambient temp. with power applied................. -65°C to +125°C 
Soldering temperature of leads (10 seconds)............. +300°C 
ESD protection on all pins.........0.00.0... ee ihennn eae 24kV 


“Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


| Parameter | Symbol | Min | Max _ 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger inputs 
Low level output voltage 


VOL 
ILO 


eens 


Operating current 


Standby current Iccs 





Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 





-10 | 
-10 


TABLE 1-1: PIN FUNCTION TABLE 


Name Function 
A0,A1,A2 User Configurable Chip Selects 
Vss Ground | 
SDA Serial Address/Data I/O 


SCL Serial Clock 
Vcc +4.5V to 5.5V Power Supply 
NC No Internal Connection 


Vcc = +4.5V to +5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (1): Tamb = -40°C to +85°C 


V 
V 
V 
.40 V 
VIN = .1V To Vcc 
VouT = .1V to Vcc 


Vcc = 5.0V (Note) 
Tamb = 25°C, Felk = 1 MHz 


icc WRITE 3 ~ mA |Vcc = 5.5V, SCL = 400 kHz 
Icc Read 150 uA | Vcc = 5.5V, SCL = 400 kHz 


) 5 uA | Vcc = 5.5V, SCL = SDA = Vcc 
AO, Ai, A2 = Vss 
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TABLE 1-3: © AC CHARACTERISTICS 


: ee STD. MODE FAST MODE 2 ‘ 
pai eee Lwin Tax [in [wax | __ 


[Clock frequency | Fuk =| — {| 100 | — | 400 | kHz 
Clockhightime | THigH | 4000 | — aes 
a7oo | — | 1300 | — | ns | 
SDAandSCLrisetime | Ta | — | 1000 | — | 300 | ns | 
[SDA and SCL alltime | Tr | Lee pies 


START condition hold time | THD:sTA| 4000 ns After this period the first clock 
pulse is generated 

START condition setup time | Tsu:sTA | 4700 Only relevant for repeated 
START condition 


[Data inputholdtime | THooar| 0 | — [| o [| — 
250 | — | too | — | 

Tsu: a 
Time the bus must be free 


























STOP condition setup time 
Output valid from clock ee 3500 i ee 


a . a ~ 
Output fall time from VIH min TOF 
to VIL max 


Input filter spike suppres- Tsp 50 
sion (SDA and SCL pins) 
Write cycle time | Twa | — | | — | 


before a new transmission can 
start 


(Note 1), CB < 100 pF 


(Note 3) 





250 


ms/page 


25°C, Vcc = 5.0V, Block Mode 


5 
Endurance 
High Endurance Block 
Rest of Array 
Note 1: Not 100 percent tested. CB = total capacitance of one bus line in pF. 
2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a T! specification for standard operation. 
4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 
cache for total time. 
5: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 


no 
on 
oO 
1) 
fo) 
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Do 
. 
on 
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SCL 


THD:DAT 
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2.0 FUNCTIONAL DESCRIPTION 


The 24C32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C32 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





Ad that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24C32) will leave the data line HIGH to 
enable the master to generate the STOP condition. 


FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


START CONDITION ADDRESS 


OR 
ACKNOWLEDGE 
VALID 





Va, () 
ey 


~M\ XX 


wey 


DATA ALLOWED STOP 
TO CHANGE CONDITION 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a four bit control code; for the 24C32 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (R/W) 
defines the operation to be performed. When set to a 
one a read operation is selected, and when set to a 
zero a write operation is selected. The next two bytes 
received define the address of the first data byte 
(Figure 3-3). Because only A11..AO are used, the 
upper four address bits must be zeros. The most signif- 
icant bit of the most significant byte of the address is 
transferred first. Following the start condition, the 
24C32 monitors the SDA bus checking the device type 
identifier being transmitted. Upon receiving a 1010 
code and appropriate device select bits, the slave 


device outputs an acknowledge signal on the SDA line. 
Depending on the state of the R/W bit, the 24C32 will 
select a read or write operation. 


: Control ; 
Read 1010 | Device Address 
Write 1010 Device Address 


FIGURE 3-2: CONTROL BYTE 


ALLOCATION 
START READ/WRITE 


a 


eens ae 
\ 


/ 


7 \ 
tfeftfefelal ao 













FIGURE 3-3: ADDRESS SEQUENCE BIT ASSIGNMENTS 


CONTROL BYTE 


————— 
AI|LA|ATI, 


ae 
SLAVE DEVICE 
ADDRESS SELECT 
BUS 


ADDRESS BYTE 1 





ADDRESS BYTE 0 


AI|A/AIA A A 
11} 10} 9 | 8 7 0 
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4.0 WRITE OPERATION 
4.1 SplitEndurance 


The 24C32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 10,000,000 E/W cycles guaranteed. The 
remainder of the array, 28K bits, is rated at 100,000 E/ 
W cycles guaranteed. This feature is helpful in applica- 
tions in which some data change frequently, while a 
majority of the data change infrequently. One example 
would be a cellular telephone in which last-number 
redial and microcontroller scratch pad require a high- 
endurance block, while speed dials and lookup tables 
change infrequently and so rogue only a standard 
endurance rating. 


4.2 Byte Write 


Following the start condition from the master, the con- 
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit during the ninth clock cycle. Therefore the next 
byte transmitted by the master is the high-order byte of 
the word address and will be written into the address 
pointer of the 24C32. The next byte is the least signifi- 
cant address byte. After receiving another acknowl- 
edge signal from the 24C32 the master device will 
transmit the data word to be written into the addressed 
memory location. The 24C32 acknowledges again and 
the master generates a stop condition. This initiates the 
internal write cycle, and during this time the 24C32 will 
not generate acknowledge signals (Figure 4-1). 


FIGURE 4-1: BYTE WRITE 


BUS ACTIVITY 


4.3 Page Write | 


The write control byte, word address and the first data 
byte are transmitted to the 24C32 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to eight pages of eight 
data bytes each (64 bytes total) which are temporarily 
stored in the on-chip page cache of the 24C32. They 
will be written from cache into the EEPROM array after 
the master has transmitted a stop condition. After the 
receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre- 
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre- 
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once a stop condition is received, an internal 
write cycle will begin. The 64-byte cache will continue 
to capture data until a stop condition occurs or the 


operation is aborted (Figure 4-2). 


Word 


rd 
BYTE Address (1) Address (0) 


SDA LINE 


BUS ACTIVITY 





FIGURE 4-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 8-1) 
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= 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram 


FIGURE 5-1: ACKNOWLEDGE POLLIN 
FLOW | 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 


YES 
Next 
Operation 


FIGURE 6-1: 





CURRENT ADDRESS READ 


BUS ACTIVITY 
MAS 


: 
TER A CONTROL 


SDA LINE 


BUS ACTIVITY 


6.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


6.1 Current Address Read 


The 24C32 contains an address counter that maintains 
the address of the last word accessed, internally incre- 
mented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24C32 issues an acknowledge and transmits the eight 
bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24C32 discontinues transmission (Figure 6-1). 


6.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con- 
trol byte again but with the R/W bit set to a one. The 
24C32 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24C32 to discontinue transmission 
(Figure 6-2). 
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6.3 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, Ai, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24C32's on the same bus. In 
this case, software can use AO of the control byte as 
address bit A12, Ai as address bit A13, and A2 as 
address bit A14. 


6.4 | Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24C32 transmits the first 
data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24C32 to transmit the 
next sequentially addressed 8 bit word. (Figure 6-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


FIGURE 6-2: RANDOM READ 


CONTROL WORD 
ADDRESS (1) 


ACTIVITY: 


FIGURE 6-3: SEQUENTIAL READ 


BUS ACTIVITY 
MASTER 


SDA LINE 


BUS ACTIVITY 


ADDRESS (0) 





DATA n + 1 





To provide sequential reads the 24C32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address 07FF to address 0000. It 
will roll from O7FF to unused memory space. 


6.5 Noise Protection 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to ensure proper device operation 
even on a noisy bus. All I/O lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 


CONTROL 
BYTE DATA n 


ADPAN 
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DATA nN +2 DATA n + X 
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7.0 PAGE CACHE AND ARRAY 
MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro- 
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into ihe cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. Even 
if a page is only partially loaded, it will still require the 
same cycle time as a full page. If more than 64 bytes of 
data are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache 
page 0 and existing bytes in the cache will be overwrit- 
ten. The device will not respond to any commands 
while the write cycle is in progress. 


7.1 Cache Write Starting at a Page 
Boundary 


If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, 
(Figure 8-1) a write command is initiated starting at 
byte 0 of page 3 with a fully loaded cache (64 bytes). 
The first byte in the cache is written to byte 0 of page 3 
(of the array), with the remaining pages in the cache 
written to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 


7.2 Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, Al and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, the 
first byte loaded into the cache is always loaded into 
page 0. The byte within page 0O of the cache where the 
load begins is determined by the three least significant 
address bits (A2, A1, AO) that were sent as part of the 
write command. if the write command does not start at 
byte 0 of a page and the cache is fully loaded, then the 
last byte(s) loaded into the cache will roll around to 
page 0 of the cache and fill the remaining empty bytes. 
If more than 64 bytes of data are loaded into the cache, 


data already loaded will be overwritten. In the example — 


shown in Figure 8-2, a write command has been initi- 
ated starting at byte 2 of page 3 in the array with a fully 
loaded cache of 64 bytes. Since the cache started load- 
ing at byte 2, the last two bytes loaded into the cache 


wil I'roll over’ and be loaded into the first two bytes of 
page 0 (of the cache). When the stop bit is sent, page 
0 of the cache is written to page 3 of the array. The 
remaining pages in the cache are then loaded sequen- 
tially to the array. A write cycle is executed after each 
page is written. If a partially loaded page in the cache 
remains when the STOP bit is sent, only the bytes that 
have been loaded will be written to the array. 


7.3 Power Management 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all internal functions are com- 
plete. This includes any error conditions, ie. not receiv- 
ing an acknowledge or stop condition per the two-wire 
bus specification. The device also incorporates VDD 
monitor circuitry to prevent inadvertent writes (data cor- 
ruption) during low-voltage conditions. The VDD moni- 
tor circuitry is powered off when the device is in 
standby mode in order to further reduce power con- 
sumption. 


8.0 PIN DESCRIPTIONS 


8.1 AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24C32 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AO) in the control byte 
(Figure 3-3). 


8.2 SDA Serial Address/Data Input/ 
Output 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 400 
kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 8-1: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@® Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. 2) 64 bytes of data are loaded into cache. 


| cache page 0 | 
cache | cache cache } cache page 1 | cache page 2 | cache page 7 | 
byte 0 | byte 1 byte 7] bytes 8-15 § bytes 16-23 bytes 56-63 


@B) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


6) Last page in cache written to page 2 in next row. 





FIGURE 8-2: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


(1) Write command initiated; 64 bytes of data (2) Last 2 bytes loaded ‘roll over’ 


oe into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into 
page 0 of cache. [| Cache | cache =a cache | cache page 1 § cache page 2 cache page 7 
byte 0 | byte 1 | byte 2 byte 77 bytes 8-15 bytes 16-23 | bytes 56-63 . 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (6) Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


~~ 
[Sages «page sf = + [ nage 7 faa 


©) Last 3 pages in cache written to next row in array. 
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NOTES: 
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24C32 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


ip 
P = Plastic DIP (300 mil Body), 8-lead 
L____Ipackage: SM = Plastic SOIC (207 mil Body, ElAU standard) 


Temperature Blank = 0°C to +70°C 


Range: I = -40°C to +85°C 


24C32 32K I°C Serial EEPROM (100 kHz/400 kHz) 


Device: 2 
24C32T 32K I*C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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32K 5.0V 1 MHz I7C’” Smart Serial» EEPROM 








FEATURES PACKAGE TYPES 


e Voltage operating range: 4.5V to 5.5V 
- Maximum write current 3 mA at 5.5V 
- Maximum read current 150 LA at 5.5V 
- Standby current 1 pA typical 
¢ 1 MHz SE2.bus two wire protocol 
Self-timed write cycle (including auto-erase) 
Power on/off data protection circuitry 
Endurance: 
- 10,000,000 Erase/Write cycles guaranteed 
for a 4K block 
- 1,000,000 E/W cycles guaranteed for a 28K 
block 
8-byte page, or byte modes available 
1 page x 8 line input cache (64 bytes) for fast 
write loads 


Schmitt trigger inputs for noise suppression 

2 ms typical write cycle time, byte or page 

Up to 8 chips may be connected to the same bus 
for up to 256K bits total memory 

Electrostatic discharge protection > 4000V 

Data retention > 200 years 

8-pin PDIP/SOIC packages 

Temperature ranges 


- Commercial (C): 0°C to +70°C 


- Industrial (I): -40°C to +85°C MEMORY EEPROM 
CONTROL ARRAY 
DESCRIPTION | 


PAGE LATCHES 


ee @ @ 


eo. 6°86 


The Microchip Technology Inc. 24FC32 is a 4K x 8 
(32K bit) Serial Electrically Erasable PROM (EEPROM) 
with a high-speed 1 MHz SE2.bus whose protocol is 
functionally equivalent to the industry-standard I?C 
bus. This device has been developed for advanced, 


low power applications such as__ personal ro] 
communications or data acquisition. The 24FC32 SENSE AMIE 
features an input cache for fast write loads with a F/W CONTROL 


capacity of eight 8-byte pages, or 64 bytes. It also 
features a fixed 4K-bit block of ultra-high endurance 
memory for data that changes frequently. The 24FC32 
is capable of both random and sequential reads up to 
the 32K boundary. Functional address lines allow up to 
eight 24FC32 devices on the same bus, for up to 256K 
bits address space. The 24FC32 is available in the 
standard 8-pin plastic DIP and 8-pin surface mount 
SOIC package. 





I?C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technology Inc. 
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1.0 ELECTRICAL CHARACTERISTICS 
1A: Maximum Ratings* 


TABLE 1-1: PIN FUNCTION TABLE 


AO,A1,A2 User Configurable Chip Selects 





MOG a siveconsiciadinsativensates einige eiebeaevikeaawietiins bcdizeieetivacesteass 7.0V 

All inputs and outputs wart. VSS ............... -0.6V to VCC +1.0V Vss Ground | 
Storage teMPCrature ..........sscsesccsseseeseseeereces -65°C to +150°C SDA Serial Address/Data I/O 
Ambient temp. with power applied................. -65°C to +125°C | : 

Soldering temperature of leads (10 seconds)............. +300°C 2CL serial Clock 

ESD protection on alll pins ............cccccsescsssccseccseccsseccnecenseenee 24kV Vcc +4.5V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum Ratings” NC No Internal Connection 


may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +4.5V to +5.5V 
Tamb = 0°C to +70°C 
Tamb = -40°C to +85°C 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 

Hysteresis of SCL and SDA 


Low level output voltage of SDA 
Input leakage current _ 
Output leakage current 


Pin capacitance 
(all inputs/outputs) 


Operating current 


| Standby current 








‘|oVv 
Vv 
V 
V 
A 


VOL 
| 10 | WA [VouT=0.1Vtovec | 


| 0 | 10 
10 
a es a ed 
Tamb = 25°C, Felk = 1 MHz 
fal = [|S RESET ERS 
icc Read 150 uA |Vcc =5.5V, SCL = 1 MHz 
(1 typical) SCL = SDA = Vcc 
AO, A1, A2=Vss 


Note: This parameter is periodically sampled and not 100% tested. 
FIGURE 1-1: BUS TIMING START/STOP 


Pint 


THD:STA 
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TABLE 1-3: © AC CHARACTERISTICS 


1 MHz Bus 
Parameter Symbol 


eck reneney | 
[tckngh ne | wen | a 
tcktwtine + Tow | 60 
s0kand seu reotme | tm | — | 000 | ww |e 
sokandscLialtine | te | — | 1 Note 


START condition hold time THD:STA After this period the first clock pulse is gener- 
ated 


START condition setup time | TSu:STA Only relevant for repeated START condition 
Datainputoldtime | THDOAr ie 


Data input setup time TSU:DAT 
STOP condton setup me _| Tavis a 
(Note 2) 


Output valid from clock 
Time the bus must be free before a new trans- 
mission can start 


rapape [Now 


Write cycle time TWR 
10M 














oo [we [SSS 
aT 


oO 


© 


250 


250 


10 
250 
3 


16) 


0 


Endurance 
10M 


High Endurance Block 
Rest of Array 


25°C, Vcc = 5.0V, Block Mode (Note 4) 


z 





Note 1: Not 100 percent tested. 
2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 100 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 
cache for total time. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 





SCL 
TSU:STA —> 


AR SEPIA SE TT SEP ESET SS ST SS PE SESE BS LTP IEE ER EE SEZ I EE EEE ESE SPEDE EC CG PS EEE STEEP EEE 
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2.0 FUNCTIONAL DESCRIPTION 


The 24FC32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24FC32 works 
as slave. Both master and slave can operate as 
transmitter or receiver but the master device 
determines which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


FIGURE 3-1: 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. 
During reads, a master must signal an end of data to 


_ the slave by NOT generating an acknowledge bit on the 


last byte that has been clocked out of the slave. In this 
case, the slave (24FC32) will leave the data line HIGH 
to enable the master to generate the STOP condition. 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


D) (C) (A) 
ae: TKO 
a... AN ROR x ‘ Th 


wel eee ee ee 


START CONDITION igor t eat 


R 
ACKNOWLEDGE 
VALID 





DATA ALLOWED STOP 
TO CHANGE 


CONDITION 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a four bit control code; for the 24FC32 this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (R/W) 
defines the operation to be performed. When set to a 
one a read operation is selected, and when set to a 
zero a write operation is selected. The next two bytes 
received define the address of the first data byte 
(Figure 3-3). Because only A11..AO are used, the 
upper four address bits must be zeros. The most signif- 
icant bit of the most significant byte of the address is 
transferred first. Following the start condition, the 
24FC32 monitors the SDA bus checking the device 
type identifier being transmitted. Upon receiving a 1010 
code and appropriate device select bits, the slave 
device outputs an acknowledge signal on the SDA line. 
Depending on the state of the R/W bit, the 24FC32 will 
select a read or write operation. 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 


START READ/WRITE 


we 


Pil LAVE ADDRES 


, 
+ 
’ 


X = Don't care 


; Control F 
Read 1010 Device Address 
Write 1010 Device Address 

























FIGURE 3-3: ADDRESS SEQUENCE BIT ASSIGNMENTS 


CONTROL 


R/_ AI|A|A\|A 
11;10; 9; 8 


Slave Device 
Address Select 
Bits 


ADDRESS 


pe 





ADDRESS 
BYTE 0 


poten See Gee eae 


A A 
7 0 


SA EA AR EDS 2 ELLE OL ES EE SO SE aE TE TE IS TSS ES IIIT IEP TIES SN DST ST EE AI IT EEE ENE LTT TEA ST ATE E SIO LEE TCE OT IE ES LIE IRIE STEEL TEE 
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4.0 WRITE OPERATION 


4.1 Split Endurance 


The 24FC32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 10,000,000 E/W cycles guaranteed. The 
remainder of the array, 28K bits, is rated at 100K E/W 
cycles guaranteed. This feature is helpful in 
applications in which some data change frequently, 
while a majority of the data change infrequently. One 
example would be a cellular telephone in which 
last-number redial and microcontroller scratch pad 
require a high-endurance block, while speed dials and 
lookup tables change infrequently and so require only 
a standard endurance rating. 


4.2 Byte Write 


Following the start condition from the master, the 
control code (four bits), the device select (three bits), 
and the R/W bit which is a logic low are clocked onto 
the bus by the master transmitter. This indicates to the 
addressed slave receiver that a byte with a word 
address will follow after it has generated an 
acknowledge bit during the ninth clock cycle. Therefore 
the next byte transmitted by the master is the 
high-order byte of the word address and will be written 
into the address pointer of the 24FC32. The next byte 
is the least significant address byte. After receiving 
another acknowledge signal from the 24FC32 the 
master device will transmit the data word to be written 
into the addressed memory location. The 24FC32 
acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 


during this time the 24FC32 will not generate 


acknowledge signals (Figure 4-1). 


FIGURE 4-1: BYTE WRITE 


BUS ACTIVITY: CONTROL 
MASTER BYTE 


SDA LINE 


BUS ACTIVITY 


FIGURE 4-2: PAGE WRITE 


S 

T 
BUS A CONTROL WORD 
ACTIVITY p BYTE ADDRESS (1) 


ADDRESS (1) 


WORD 
ADDRESS (0) DATA n DATA n+7 


MASTER A A A eal. |e ee OP es ake 


4.3 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24FC32 in the same way as 
in a byte write. But instead of generating a stop 
condition, the master transmits up to eight pages of 
eight data bytes each (64 bytes total) which are 
temporarily stored in the on-chip page cache of the 
24FC32. They will be written from cache into the 
EEPROM array after the master has transmitted a stop 
condition. After the receipt of each word, the six lower 
order address pointer bits are internally incremented by 
one. The higher order seven bits of the word address 
remain constant. If the master should transmit more 
than eight bytes prior to generating the stop condition 
(writing across a page boundary), the address counter 
(lower three bits) will roll over and the pointer will be 
incremented to point to the next line in the cache. This 
can continue to occur up to eight times or until the 
cache is full, at which time a stop condition should be 
generated by the master. If a stop condition is not 
received, the cache pointer will roll over to the first line 


- (byte 0) of the cache, and any further data received will 


overwrite previously captured data. The stop condition 
can be sent at any time during the transfer. As with the 
byte write operation, once a stop condition is received, 
an internal write cycle will begin. The 64-byte cache will 
continue to capture data until a stop condition occurs or 
the operation is aborted (Figure 4-2). 


WORD 
ADDRESS (0) 





VOoouM 


comune LPL boll TL LL A 
A A A A A 


BUS 
ACTIVITY 


AQ 
AO 


AO 
AQ 
AO 





DS21126C-page 3-248 


© 1998 Microchip Technology Inc. 


24FC32 





5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write 
command has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling 
can be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no'ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
7 FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Control Byte 
with R/W = 0 


Did Device 
PE SNOWIESG 
(ACK = 0)’ 


Yes 


Next 
Operation 





FIGURE 6-1: CURRENT ADDRESS READ 


BUS ACTIVITY 
MASTER 


CONTROL 
BYTE 


6.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


6.1 Current Address Read 


The 24FC32 contains an address counter that 
maintains the address of the last word accessed, 
internally incremented by one. Therefore, if the 
previous access (either a read or write operation) was 
to address n (n is any legal address), the next current 
address read operation would access data from 
address n + 1. Upon receipt of the slave address with 
R/W bit set to one, the 24FC32 issues an acknowledge 
and transmits the eight bit data word. The master will 
not acknowledge the transfer but does generate a stop 
condition and the 24FC32 discontinues transmission 
(Figure 6-1). 


6.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24FC32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This 
terminates the write operation, but not before the 
internal address pointer is set. Then the master issues 
the control byte again but with the R/W bit set to a one. 
The 24FC32 will then issue an acknowledge and 
transmit the eight bit data word. The master will not 
acknowledge the transfer but does generate a stop 
condition which causes the 24FC32 to discontinue 
transmission (Figure 6-2). 


SDA LINE 


BUS ACTIVITY 
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6.3 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 256K 
bits by adding up to eight 24FC32's on the same bus. 
In this case, software can use AO of the control byte as 
address bit A12, Al as address bit A13, and A2 as 
address bit A14. 


6.4 Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24FC32 transmits 
the first data byte, the master issues an acknowledge 
as opposed to the stop condition used in a random 
read. This acknowledge directs the 24FC32 to transmit 
the next sequentially addressed 8 bit word (Figure 6-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will 
generate a stop condition. 


FIGURE 6-2: RANDOM READ 
S 


: 
BUS , CONTROL WORD 
ACTIVITY: BYTE ADDRESS (1) 


MASTER + A 


FIGURE 6-3: SEQUENTIAL READ 


BUS ACTIVITY 
MASTER 


SDA LINE 


BUS ACTIVITY 


ADDRESS (0) 
ee 


DATA n + 1 


To provide sequential reads the 24FC32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address 07FF to address 0000. It 
will roll from O7FF to unused memory space. 


6.5 Noise Protection 


The SCL and SDA inputs incorporate Schmitt triggers 
which suppress noise spikes to ensure proper device 
Operation even on a noisy bus. 


CONTROL 
BYTE DATA n 


iB es ile See 


S 
T 
A 
R 
T 
Tbs thet dtd LY LEE Lh 
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DATA n +2 
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7.0 PAGE CACHE AND ARRAY 
MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus 
rate. Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. Even 
if a page is only partially loaded, it will still require the 
same cycle time as a full page. If more than 64 bytes of 
data are loaded before the stop bit is given, the address 
pointer will' wrap around’ to the beginning of cache 
page O and existing bytes in the cache will be 
overwritten. The device will not respond to any 
commands while the write cycle is in progress. 


7.1 Cache Write Starting at a Page 
Boundary 


If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, 
(Figure 7-1) a write command is initiated starting at 
byte 0 of page 3 with a fully loaded cache (64 bytes). 
The first byte in the cache is written to byte 0 of page 3 
(of the array), with the remaining pages in the cache 
written to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 


7.2 Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, the 
first byte loaded into the cache is always loaded into 
page 0. The byte within page 0 of the cache where the 
load begins is determined by the three least significant 
address bits (A2, Ai, AO) that were sent as part of the 
write command. If the write command does not start at 
byte O of a page and the cache is fully loaded, then the 
last byte(s) loaded into the cache will roll around to 
page 0 of the cache and fill the remaining empty bytes. 
If more than 64 bytes of data are loaded into the cache, 
data already loaded will be overwritten. In the example 
shown in Figure 7-2, a write command has been 
initiated starting at byte 2 of page 3 in the array witha 
fully loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the 
cache will ‘roll over’ and be loaded into the first two 
bytes of page 0 (of the cache). When the stop bit is 
sent, page 0 of the cache is written to page 3 of the 
array. The remaining pages in the cache are then 
loaded sequentially to the array. A write cycle is 
executed after each page is written. If a partially loaded 
page in the cache remains when the STOP bit is sent, 
only the bytes that have been loaded will be written to 
the array. 


7.3 Power Management 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all internal functions are 
complete. This includes any error conditions, ie. not 
receiving an acknowledge or stop condition per the 
two-wire bus specification. The device also 
incorporates VDD monitor circuitry to prevent 
inadvertent writes (data corruption) during low-voltage 
conditions. The VDD monitor circuitry is powered off 
when the device is in standby mode in order to further 
reduce power consumption. 
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FIGURE 7-1: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; : 
First data byte is loaded into the cache byte 0. (2) 64 bytes of data are loaded into cache. 


cache page 0 


cache | cache cache § cache page 1 § cache page 2 | cache page 7 
byte O | byte 1 byte 7 bytes 8-15 bytes 16-23 bytes 56-63 


(3) Write from cache into array initiated by STOP bit. (4) 
Page 0 of cache written to page 3 of array. Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


e7[page a] = + + [page 7 array rown 
page af + + = [page 7] array row n + 1 


(5) Last page in cache written to page 2 in next row. 





FIGURE 7-2: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


@) Write command initiated; 64 bytes of data (2) Last 2 bytes ‘roll ever’ 
io into cache starting at byte 2 of page 0. to beginning. 
cache | cache | = cache | cache page 1 § cache page 2 | cache page 7 
byte O | byte 1 | byte 2 byte 7 bytes 8-15 bytes 16-23 bytes 56-63 
Last 2 bytes 
loaded into @) 
page 0 of cache. Write from cache into array initiated by STOP bit. 6. 
Page 0 of cache written to page 3 of array. Remaining bytes in cache 
Write cycle is executed after every page is written. are written sequentially to 
array. 
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8.0 PIN DESCRIPTIONS 


8.1 AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24FC32 for multiple 
device operation and conform to the two-wire bus 
standard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AO) in the control byte 


(Figure 3-3). 
8.2 SDA Serial Address/Data 
Input/Output 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 2 KQ, must consider total bus 
capacitance and maximum rise/fall times). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP 
conditions. 


8.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


® 
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24FC32 Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. : 


24FC32 - /P 


; P = Plastic DIP (300 mil Body) 
L__|package: SM = Plastic SOIC (207 mil Body, EIAJ standard) 





Temperature Blank = 0°C to +70°C 


Range: I = -40°C to +85°C 


24FC32 32K, 1MHz/I°C Serial EEPROM 


Device: 
24FC32T 32K, 1MHz /I2C Serial EEPROM (Tape & Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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64K I?C CMOS Serial EEPROM 





DEVICE SELECTION TABLE 










Vcc Max Ciock 
Range Frequency | Ranges 


| 24aa64 | 1.8:5.5V | 400kHz? | I 
| 2aice4 | 2.5:5.5V | 400kHz* | LE 


1100 kHz for Vcc < 2.5V. 
#400 kHz for E temperature range. 
FEATURES 


¢ Low power CMOS technology 

- Maximum write current 3 mA at 5.5V 

- Maximum read current 400 LA at 5.5V 

- Standby current 100 nA typical at 5.5V 

2-wire serial interface bus, I?C compatible 
Cascadable for up to eight devices 

Self-timed ERASE/WRITE cycle 

32-byte page or byte write modes available 

5 ms max write cycle time 

Hardware write protect for entire array 

Output slope control to eliminate ground bounce 
Schmitt trigger inputs for noise suppression 
1,000,000 erase/write cycles guaranteed 
Electrostatic discharge protection > 4000V 

Data retention > 200 years 

8-pin PDIP, SOIC (150 and 208 mil) and TSSOP 
packages; 14-pin SOIC package 

¢ Temperature ranges: 


















eo e¢eeeeeee0e e¢ @ @ 


- Industrial (I): -40°C to +85°C 
- Automotive (E) -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 24AA64/24LC64 
(24xx64"*) is a 8K x 8 (64K bit) Serial Electrically Eras- 
able PROM capable of operation across a broad volt- 
age range (1.8V to 5.5V). It has been developed for 
advanced, low power applications such as personal 
communications or data acquisition. This device also 
has a page-write capability of up to 32 bytes of data. 
This device is capable of both random and sequential 
reads up to the 64K boundary. Functional address lines 
allow up to eight devices on the same bus, for up to 512 
Kbits address space. This device is available in the 
standard 8-pin plastic DIP, 8-pin SOIC (150 and 
208 mil), and 8-pin TSSOP. 


[2C is a trademark of Philips Corporation. 


*24xx64 is used in this document as a generic part number for the 24AA64/24LC64 devices. 


© 1998 Microchip Technology Inc. Preliminary 





PACKAGE TYPE 





HV GENERATOR 


MEMORY EEPROM 
CONTROL XDEC Ea ARRAY 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 
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1.0 ELECTRICAL TABLE 1-1 PIN FUNCTION TABLE 
CHARACTERISTICS 

1.1 Maximum Ratings* AO,A1,A2 | User Configurable Chip Selects 

Veh each 6 ch te oe Sia aces mh ee neal 7.0V Ground 

All inputs and outputs w.r.t. VSS........ ce esesseeeesseees -0.6V to Vcc +1.0V : 

Storage temperature ............cccessesceccnscescsssesessseeseneses -65°C to +150°C Serial Data 

Ambient temp. with power applied...............scseccreseees -65°C to +125°C Serial.Clock 

Soldering temperature of leads (10 seconds).............ssesesceees +300°C ; 

ESD protection on all pin.....ccsccccssssssssssscssssescssseessssseessssseesssseen 24kV Write Protect Input 

*Notice: Stresses above those listed under “Maximum Ratings” may +1.8 to 5.5V (24AA64) 

cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at those or any other conditions +2.5 to 5.5V (24LC64) 


above those indicated in the operational listings of this specification is — 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2 DC CHARACTERISTICS 


Industrial (I): Vcc = +1.8V to 5.5V = Tamb = -40°C to +85°C 
Automotive (E): Vcc = 4.5V to 5.5V Tamb = -40°C to 125°C 


Win [Wax [Units [Conations | 


0.7 Vcc 











All parameters apply across the 
recommended operating ranges 
unless otherwise noted. 


Parameter 




























AO, Al, A2, 
SCL, SDA, and WP pins: 

High level input voltage 
Low level input voltage 

















Vcc = 2.5V 
Vcc < 2.5V 
Vcc > 2.5V (Note) 







Hysteresis of Schmitt Trigger 
inputs (SDA, SCL pins) 













Low level output voltage loL = 3.0 mA @ Vcc = 4.5V 
lOL = 2.1 mA @ Vcc = 2.5V 


ee Se 
VIN = = Vss or Voc, WP = Vcc 

| to =| 10 | 10S | A |VouT=VsstoVec 
(all inputs/outputs) Tamb = 25°C, f= 1 MHz 
Operatingcument = Ligeia Voc = 5.5V 


a 
| 400 | vA {Wee = 5.5V, SL = 400 KH 


Standby current ee | SCL = SDA= vod s 5.5V 


AO, A1, A2, WP = Vss 
_ Note: This parameter is periodically sampied and not 100% tested. 









FIGURE 1-1: BUSTIMING DATA 


yanmaey 


TSU:STA 


HD:STA 


AAAKAK/ 
O50) 


SOR KKK 


(protected) 
unprotected 
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TABLE 1-3 AC CHARACTERISTICS 














All parameters apply across the spec- 
ified operating ranges unless other- 
wise noted. 







Industrial (I): Voc =+1.8Vto5.5V Tamb = -40°C to +85°C 
Automotive (E): Voc =+4.5Vto5.5V Tamb = -40°C to 125°C 


Parameter Symbol /Max | Units | Conditions 
100 
100 
400 


Clock frequency 4.5V < Vcc < 5.5V (E Temp range) 
n 




















1.8V < Vcc < 2.5V 
2.5V < Vcc < 5.5V 


Clock high time THIGH 4000 Ss 4.5V < Vcc < 5.5V (E Temp range) 
4000 _ 1.8V < Vcc < 2.5V 
600 2.5V < Vcc < 5.5V 


4.5V <Vcc < 5.5V (E Temp range) 
1.8V < Vcc < 2.5V 


Clock low time TLOW 4700 
4700 
1300 2.5V < Vcc < 5.5V 
SDA and SCL rise time TR 1000 4.5V < Vcc < 5.5V (E Temp range) 
(Note 1) 1000 1.8V < Vcc <2.5V 
| 300 2.5V < Vcc < 5.5V 


[SbAand SCL faite it | 800 | ns | note 













START condition hold time THD:STA 4000 4.5V < Vcc < 5.5V (E Temp range) 
4000 1.8V < Vcc < 2.5V 
. 600 2.5V < Vcc < 5.5V 
START condition setup time TSU:STA 4700 4.5V < Vcc < 5.5V (E Temp range) 
4700 1.8V < Vcc < 2.5V 
600 2.5V < Vcc < 5.5V 
[Bata input hold time PTHowar | 0 | — | ns | (Note) 





Data input setup time TSU:DAT 250 4.5V < Vcc < 5.5V (E Temp range) 
250 1.8V < Vcc < 2.5V 
100 2.5V < Vcc < 5.5V 


STOP condition setup time TSU:STO 4000 4.5V < Vcc < 5.5V (E Temp range) 
4000 1.8V < Vcc < 2.5V 
600 2.5V < Vcc < 5.5V 


WP setup time TSU:WP 4000 4.5V < Vcc < 5.5V (E Temp range) 
4000 1.8V < Vcc < 2.5V 
600 2.5V < Vcc < 5.5V 

WP hold time THD: WP 4700 4.5V < Vcc < 5.5V (E Temp range) 
4000 1.8V < Vcc < 2.5V 
1300 2.5V < Vcc < 5.5V 


Output valid from clock TAA 4.5V < Vcc < 5.5V (E Temp range) 
(Note 2) 1.8V < Vcc < 2.5V 
2.5V < Vcc < 5.5V 


TBUF 4700 4.5V < Vcc < 5.5V (E Temp range) 
4700 1.8V < Vcc < 2.5V 
1300 2.5V < Vcc < 5.5V 


lt i lal oe 


s (Notes 1 and 3) 
Pam | — | eyctes | 25°6, voc = 5.0V, Block Mode (Note 4 


Note 1: Not 100% tested. Cg = total capacitance of one bus line in pF. 
2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise spike 
suppression. This eliminates the need for a TI specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, 
please consult the Total Endurance Model which can be obtained on our website. 














Bus free time: Time the bus must be 
free before a new transmission can 
start 


Output fall time from VIH_ — 
minimum to Vit maximum 
input filter spike suppression 
(SDA and SCL pins) 





fe 
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2.0 PIN DESCRIPTIONS 


2.1 AO, A1, A2 Chip Address Inputs 


The AO,A1,A2 inputs are used by the 24xx64 for multi- 
ple device operation. The levels on these inputs are 
compared with the corresponding bits in the slave 
address. The chip is selected if the compare is true. 


Up to eight devices may be connected to the same bus 
by using different chip select bit combinations. These 
inputs must be connected to either Vcc or Vss. 


2.2 SDA Serial Data 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open- 
drain terminal, therefore, the SDA bus requires a pullup 
resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


2.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


24 WP 


This pin can be connected to either Vss, Vcc or left 
floating. An internal pull-down resistor on this pin will 
keep the device in the unprotected state if left floating. 
If tied to Vss or left floating, normal memory operation 
is enabled (read/write the entire memory 0000-1FFF). 


If tied to VCC, WRITE operations are inhibited. Read 
operations are not affected. 


3.0 FUNCTIONAL DESCRIPTION 


The 24xx64 supports a bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as a transmitter, and a device 
receiving data as a receiver. The bus must be con- 
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions while the 24xx64 
works as a slave. Both master and slave can operate 
as a transmitter or receiver but the master device deter- 
mines which mode is activated. 


4.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. 

¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 4-1). 


4.1 Bus not Busy (A 


Both data and clock lines remain HIGH. 


4.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


4.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must end with a STOP condition. 


4.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. Tne number of 
ine data bytes transferred between the START and 
STOP conditions is determined by the master device. 


4.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24xx64) will leave the data line HIGH 
to enable the master to generate the STOP condition. 
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FIGURE 4-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


(A) ; (B) (D) (D) (C) (A) 






SCL 


SDA 


Oy he nh he ted 


START ADDRESS OR DATA STOP 
CONDITION ACKNOWLEDGE ALLOWED CONDITION 
VALID TO CHANGE 


FIGURE 4-2: ACKNOWLEDGE TIMING 


Acknowledge 


Bit 
+14 


8 


SS ASEAN 
SENSES SS \ Wa 

SS < ° 
| Data from transmitter F 
SEE / 


Transmitter must release the SDA line at this point t t Receiver must release the SDA line at this point 
allowing the Receiver to pull the SDA line tow to so the Transmitter can continue sending data. 
acknowledge the previous eight bits of data. 
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5.0 DEVICE ADDRESSING ~— 


A control byte is the first byte received following the 
start condition from the master device (Figure 5-1). The 
control byte consists of a four bit control code; for the 
24xx64 this is set as 1010 binary for read and write 
operations. The next three bits of the control byte are 
the chip select bits (A2, A1, AO). The chip select bits 
allow the use of up to eight 24xx64 devices on the 


same bus and are used to select which device is — 


accessed. The chip select bits in the control byte must 
correspond to the logic levels on the corresponding A2, 
A1, and AO pins for the device to respond. These bits 
are in effect the three most significant bits of the word 
address. 


The last bit of the control byte defines the operation to 


be performed. When set to a one a read operation is | 


selected, and when set to a zero a write operation is 
selected. The next two bytes received define the 
address of the first data byte (Figure 5-2). Because 
only A12...A0 are used, the upper three address bits 
are don’t care bits. The upper address bits are trans- 
ferred first, followed by the less significant bits. 


Following the start condition, the 24xx64 monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri- 
ate device select bits, the slave. device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24xx64 will select a read or 
write operation. 


FIGURE 5-1: CONTROL BYTE FORMAT | 


Read/Write Bit 








. Chip Select 
Control Code Bits 


1 fo] +] 0} x2} at [90 rw fox 


Slave Address 


Start Bit | | Acknowledge Bit 


5.1 Contiguous Addressing Across 
Multiple Devices 


The chip select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight 24xx64's on the same bus. In this 
case, software can use AO of the control byte as 
address bit A13, A1 as address bit A14, and A2 as 
address bit A15. It is not possible to sequentially read 
across device boundaries. 





FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS 


CONTROL BYTE 


A|AIAL 


| SRC | ene ered | 
CONTROL CHIP 
CODE SELECT 
BITS 








ADDRESS HIGH BYTE 


ADDRESS LOW BYTE 


| LP Te. 


AIA|TA|AIA A J (A 


X = Don’t Care Bit 
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6.0 WRITE OPERATIONS 
6.1 Byte Write 


Following the start condition from the master, the 
control code (four bits), the chip select (three bits), and 
the R/W bit (which is a logic low) are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that the address high byte will 
follow after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte transmit- 
ied by the master is the high-order byte of the word 
address and will be written into the address pointer of 
the 24xx64. The next byte is the least significant 
address byte. After receiving another acknowledge sig- 
nal from the 24xx64 the master device will transmit the 
data word to be written into the addressed memory 
location. The 24xx64 acknowledges again and the 
master generates a stop condition. This initiates the 
internal write cycle, and during this time the 24xx64 will 
not generate acknowledge signals (Figure 6-1). If an 
attempt is made to write to the array with the WP pin 
held high, the device will acknowledge the command 
but no write cycle will occur, no data will be written and 
the device will immediately accept a new command. 
_ After a byte write command, the internal address 
counter will point to the address location following the 
one that was just written. 





FIGURE 6-1: BYTE WRITE 
BUS ACTIVITY T 
MASTER A CONTROL ADDRESS 
R BYTE HIGH BYTE 
7 
SDA LINE 
A 
BUS ACTIVITY 5 


X = don't care bit 


FIGURE 6-2: PAGE WRITE 


6.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24xx64 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to 31 additional bytes 
which are temporarily stored in the on-chip page buffer 
and will be written into memory after the master has 
transmitted a stop condition. After receipt of each word, 
the five lower address pointer bits are internally incre- 
mented by one. If the master should transmit more than 
32 bytes prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received, an inter- 
nal write cycle will begin (Figure 6-2). If an attempt is 
made to write to the array with the WP pin held high, the 
device will acknowledge the command but no write 
cycle will occur, no data will be written and the device 
will immediately accept a new command. 


6.3 Write Protection 


The WP pin allows the user to write protect the entire 
array (0000-1FFF) when the pin is tied to Vcc. If tied to 
Vss or left floating, the write protection is disabled. The 
WP pin is sampled at the STOP bit for every write com- 
mand (Figure 1-1) Toggling the WP pin after the STOP 
bit will have no effect on the execution of the write 
cycle. 


ADDRESS 
LOW BYTE DATA 





ADDRESS 
HIGH BYTE 


ADDRESS 
LOW BYTE 


S 

T 
BUS ACTIVITY A wee 
MASTER R DATA BYTE 0 


BUS ACTIVITY 


DATA BYTE 31 


% . ” 
X = don't care bit 
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7.0 ACKNOWLEDGE POLLING FIGURE 7-1: ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write FLOW 


cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- Send 
tiates the internally timed write cycle. ACK polling can Write Command 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy Send Stop 
with the write cycle, then no ACK will-be returned. If no _ Condition to 
ACK is returned, then the start bit and control byte must Initiate Write Cycle 
be re-sent. If the cycle is complete, then the device will 


return the ACK and the master can then proceed with 
the next read or write command. See Figure 7-1 for Send Start 
flow diagram. 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 
(ACK = 0)? 


Next 
Operation 
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8.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
control byte is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


8.1 Current Address Read 


The 24xx64 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous read 
access was to address n (n is any legal address), the 
next current address read operation would access data 
from address n + 1. 


Upon receipt of the control byte with R/W bit set to one, 
the 24xx64 issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24xx64 discontinues transmission (Figure 8-1). 


FIGURE 8-1: CURRENT ADDRESS READ 


S 
CONTROL T 
BYTE BYTE oO 


AJAIA 
eho il EI 
A 
C 


K 





FIGURE 8-2: RANDOM READ 
BUS ACTIVITY 
MASTER A CONTROL 
R BYTE 


SDA LINE 


BUS ACTIVITY 
X = Don’t Care Bit 


FIGURE 8-3: SEQUENTIAL READ 


BUS ACTIVITY 


MASTER oe 


SDA LINE 


BUS ACTIVITY 
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8.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24xx64 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the 
controi byte again but with the R/W bit set to a one. The 
24xx64 will then issue an acknowledge and transmit 
the 8-bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24xx64 to discontinue transmission 
(Figure 8-2). After a random read command, the inter- 
nal address counter will point to the address location 
following the one that was just read. 


8.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24xx64 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24xx64 to transmit the 
next sequentially addressed 8-bit word (Figure 8-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. To provide sequential reads the 
24xx64 contains an internal address pointer which is 
incremented by one at the completion of each opera- 
tion. This address pointer allows the entire memory 
contents to be serially read during one operation. The 
internal address pointer will automatically roll over from 
address 1FFF to address 0000 if the master acknowl- 
edges the byte received from the array address 1FFF. 





S 
T 
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24xx64 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 








Plastic DIP (300 mil Body), 8-lead 

Plastic SOIC (150 mil Body, EIAJ standard), 8-lead 
Plastic SOIC (208 mil Body, EIAJ standard), 8-lead 
TSSOP, 8-lead 


-40°C to +85°C 
-40°C to -125°C 


Package: 


Temperature 


Range: 


24AA64 _—sG 4K bit 1.8V IC Serial EEPROM 

24AA64T 64K bit 1.8V 12C Serial EEPROM (Tape and Reel) 
24LC64 ~—«- 6 4K bit 2.5V I2C Serial EEPROM 

24LC64T —«64K bit 2.5V I°C Serial EEPROM (Tape and Reel) 


Device: 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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64K 1.8V ZC” Smart Serial © EEPROM 





FEATURES 


* Voltage operating range: 1.8V to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 A at 6.0V 
- Standby current 1 pA typical 
¢ Industry standard two wire bus protocol I2?C™ 
compatible 
8 byte page, or byte modes available 
2 ms typical write cycle time, byte or page 
64-byte line input cache for fast write loads 
Up to 8 devices may be connected to the same 
bus for up to 512K bits total memory 
100 kHz (1.8V) and 400 kHz (5.0V) compatibility 
Programmable block security options 
Programmable endurance options 
Schmitt trigger, filtered inputs for noise suppres- 
sion 
Output slope control to eliminate ground bounce 
Self-timed ERASE and WRITE cycles 
Power on/off data protection circuitry 
Endurance: 
- 10,000,000 E/W cycles guaranteed for a High 
Endurance Block 
- 1,000,000 E/W cycles guaranteed for a Stan- 
dard Endurance Block 
Electrostatic discharge protection > 4000V 
Data retention > 200 years 
8-pin PDIP/SOIC packages 
Temperature ranges 
- Commercial (C): 


DESCRIPTION 


The Microchip Technology Inc. 24AA65 is a “smart” 8K 
x 8 Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications, and provides the 
systems designer with flexibility through the use of many 
new user-programmable features. It is capable of oper- 
ation down to 1.8V, the end-of-life voltage for 2 “AA” bat- 
tery cells for most popular battery technologies.The 
24AA65 offers a relocatable 4K bit block of ultra-high- 
endurance memory for data that changes frequently. 
The remainder of the array, or 60K bits, is rated at 
1,000,000 ERASE/WRITE (E/W) cycles guaranteed. 
The 24AA65 features an input cache for fast write loads 
with a capacity of eight pages, or 64 bytes. This device 
also features programmable security options for E/W 
protection of critical data and/or code of up to fifteen 4K 
blocks. Functional address lines allow the connection of 


O°C to +70°C 


I?C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technology Inc. 





© 1998 Microchip Technology Inc. 


PACKAGE TYPES 










HV GENERATOR 


MEMORY EEPROM 
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up to eight 24LC65's on the same bus for up to 512K bits 
contiguous EEPROM memory. Advanced CMOS tech- 
nology makes this device ideal for low-power non-vola- 
tile code and data applications. The 24AA65 is available 
in the standard 8-pin plastic DIP and 8-pin surface 
mount SOIC package. 


DS21056H-page 3-265 








24AA65 








1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: | PIN FUNCTION TABLE 

1.1 Maximum Ratings* 

VSG sicsesiuctess pulansaninnaiv rid suenuaileetoivessgastd seeistaiuess telaceyslageate 7.0V A0,A1,A2 User Configurable Chip Selects 
All inputs and outputs wrt. VSS ............. -0.6V to VCC +1.0V Vss Ground 

Storage teMPerature ........sscsceeesereserrerseeseees -65°C to+150°C SDA Serial Address/Data I/O 
Ambient temp. with power applied................. -65°C to +125°C . 

Soldering temperature of leads (10 seconds) ............. +300°C SCL Serial Clock — 

ESD protection on alll Pins ....ccccccccccccssscsssssssssssesseccsssssssseees >4kV Vcc +1.8V to 6.0V Power Supply 
*Notice: Stresses above those listed under “Maximum Ratings” NC No Internal Connection 





may Cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +1.8V to +6.0V 
Commercial(C): Tamb = 0°C to +70°C 


|____Parameter__—_—_| Symbol | _Min__| Max _| Units_ 


AO, Al, A2, TAO, A1, A2, SCL and SDA pins: | and SDA pins: 
High level input voltage 
Low level input voltage ; | 
Hysteresis of Schmitt Trig- Note 1 
ger 
inputs ; lo. = 3.0mA 
Low level output voltage 


Input leakage current uf tg ft fa VIN = .1V to Voc 
ouipet leakage current EE | 10 VOUT = .1V to Vcc 


a= a a 
(all Inputs OU UIs) jambe 25° C, Felk = 1 MHz 
prewvowes [gma| = | a | m ecenisccesit 
icc Read LA Vcc = = = 6.0V, SCL = = 400 kHz 
| Standby current Vcc = 5.0V, SCL = SDA = Vcc 
: Vcc = 1.8V, SCL = SDA = Vcc 


AO, Ai, A2 = Vss (Note) - 
Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: © AC CHARACTERISTICS 


: Vcc = 1.8V - 6.0V | Vcc = 4.5V - 6.0V 


Oo 
oO 
a 
oO 























SDA and SCL fall time | 
START condition hold time 


£ 
io) 


ra 
tel, 
aaa 


After this period the 
first clock pulse is gen- 
erated 


io) 
Oo 
Oo 


i 
NiO 
Oo 
Oo }O 
x 
ds 
N 


Ww 
oS 
© 


ns 
THD:STA | 4000 


TSu:STA | 4700 


THo:paT| 0 | 
Tsu:paT | 250 _ 
Tsu:sT0 
eee 


_ 
Input filter spike suppression 
(SDA and SCL pins) 







START condition setup time 


Only relevant for 
repeated START con- 
dition 


re cates one 
fe eee ed 
i ee 





4} 
= ala/5 [3/2 
a ie oa eas 






Time the bus must be 
free before a new 
transmission can start 


Output fall time fro VIH min to TOF 20 +0.1 250 (Note 1), CB < 100 pF 
ViL max 
Write cycle time | TwR Soa 5 ms/ | (Note 4) 3 
: 


Endurance 
High Endurance Block 
Rest of Array 


Note 1: Not 100 percent tested. CB = total capacitance of one bus line in pF. 

2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined Tsp and VHyYs specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 
cache for total time. 

5: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 


10M cycles | 25°C, Vcc = 5.0V, 


Block Mode (Note 5) 
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2.0 FUNCTIONAL DESCRIPTION 


The 24AA65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA65 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 
is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) - 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 


_ the data bytes transferred between the START and 


STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. in this 
case, the slave (24AA65) must leave the data line 
HIGH to enable the master to generate the STOP con- 
dition. 


FIGURE 3-1: _DATATRANSFER SEQUENCE ON THE SERIAL BUS 


ADDRESS OR DATA 


START STOP 
CONDITION ACKNOWLEDGE ALLOWED CONDITION 
VALID TO CHANGE 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a four bit control-code, for the 24AA65 this 
is set as 1010 binary for read and write operations. The 
next three bits of the ccntrol byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte 
defines the operation to be performed. When set to a 
one a read operation is seiected, when set to a zero a 
write operation is selected. The next two bytes received 
define the address of the first data byte (Figure 4-1). 
Because only A12..A0 are used, the upper three 
address bits must be zeros. The most significant bit of 
the most significant byte is transferred first. Following 
the start condition, the 24AA65 monitors the SDA bus 
checking the device type identifier being transmitted. 
Upon receiving a 1010 code and appropriate device 
select bits, the slave device (24AA65) outputs an 
acknowledge signal on the SDA line. Depending upon 
the state of the R/W bit, the 24AA65 will select a read 
or write operation. 


: Control , 
ovwtn| 5 ono | nm 
Read 1010 Device Address 1. 
___Write 1010 Device Address ) 

FIGURE 3-2: CONTROL BYTE 
ALLOCATION | 





















LAVE ADDRESS 





FIGURE 4-1: BYTE WRITE 
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SDA LINE 


BUS ACTIVITY 
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Address (1) 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the con- 
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low is placed onto the bus 
by the master transmitter. This indicates to the 
addressed slave receiver (24AA65) that a byte with a 
word address will follow after it has generated an 
acknowledge bit during the ninth clock cycle. Therefore 
the next byte transmitted by the master is the high- 
order byte of the word address and will be written into 
the address pointer of the 24AA65. The next byte is the 
least significant address byte. After receiving another 
acknowledge signal from the 24AA65 the master 
device will transmit the data word to be written into the 
addressed memory location. The 24AA65 acknowl- 
edges again and the master generates a stop condi- 


tion. This initiates the internal write cycle, and during 


this time the 24AA65 will not generate acknowledge 
signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA65 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24AA65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre- 
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre- 
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin. The 64 byte cache will con- 
tinue to capture data until a stop condition occurs or the 
operation is aborted (Figure 4-2). 


Word 
Address (0) 
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FIGURE 4-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 8-2) 
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FIGURE 4-3: CURRENT ADDRESS READ 
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FIGURE 4-4: RANDOM READ 
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FIGURE 4-5: SEQUENTIAL READ. 
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5.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


5.1 Current Address Read 


The 24AA65 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (nis 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24AA65 issues an acknowledge and transmits the eight 
bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24AA65 discontinues transmission (Figure 4-3). 


5.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24AA65 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con- 
trol byte again but with the R/W bit set to a one. The 
24AA65 will then issue an acknowledge and transmit 
the eight bit data word. The master will not acknowl- 
edge the transfer but does generate a stop condition 
which causes the 24AA65 to discontinue transmission 
(Figure 4-4). 


5.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24AA65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24AA65 to transmit the 
next sequentially addressed 8 bit word (Figure 4-5). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


To provide sequential reads the 24AA65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


5.4 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, Ai, AO can be used to 
expand the contiguous address space for up to 512K 
bits by adding up to eight 24LC65's on the same bus. 
In this case, software can use AO of the control byte as 
address bit A13, A1 as address bit A14, and A2 as 
address bit A15. 


5.5 Noise Protection 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to assure proper device operation 
even on a noisy bus. All I/O lines incorporate Schmitt 
triggers for 400 kHz (Fast Mode) compatibility. 


5.6 High Endurance Block 


The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. This block will be capable of 
10,000,000 ERASE/WRITE cycles (Figure 8-1). 
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5.7 Security Options 


The 24AA65 has a sophisticated mechanism for write- 
protecting portions of the array. This write protect func- 
tion is programmable and allows the user to protect 0- 
15 contiguous 4K blocks. The user sets the security 
option by sending to the device the starting block num- 
ber for the protected region and the number of blocks 
to be protected. All parts will come from the factory in 
the default configuration with the starting block number 
set to 15 and the number of protected blocks set to 
zero. THE SECURITY OPTION CAN BE SET ONLY 
ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (Figure 8-1). Bits 1-4 of the first 
address byte define the starting block number for the 
protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first address 
byte. A byte of don't care bits is then sent by the mas- 
ter, with the device acknowledging afterwards. The 
third byte sent to 'the device has bit 7 (S/HE) set high 
and bit 6 (R) set low. Bits 4 and 5 are don't cares and 
bits 0-3 define the number of blocks to be write pro- 
tected. For example, if three blocks are to be protected, 
the third byte would be 10XX0011. After the third byte 
is sent to the device, it will acknowledge and a STOP 
bit is then sent by the master to complete the com- 
mand. 


During a normal write sequence, if an attempt is made 
to write to a protected address, no data will be written 
and the device will not report an error or abort the com- 
mand. If a write command is attempted across a 
secure boundary, unprotected addresses will be writ- 
ten and protected addresses will not. 


5.8 Security Configuration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this 
option except the READ bit (bit 6) of the configuration 
byte is set to a one. After the configuration byte is sent, 
the device will acknowledge and then send two bytes of 
data to the master just as in a normal read sequence. 
The master must acknowledge the first byte and not 
acknowledge the second, and then send a stop bit to 
end the sequence. The upper four bits of both of these 
bytes will always be read as'1's. The lower four bits of 
the first byte contains the starting secure block. The 
lower four bits of the second byte contains the number 
of secure blocks. The default starting secure block is fif- 
teen and the default number of secure blocks is zero 
(Figure 8-1). 


6.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device wili return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 6-1 for flow diagram. 


FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW | 
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7.0 PAGE CACHE AND ARRAY 
MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro- 
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. Even 
if a page is only partially loaded, it will still require the 
same cycle time as a full page. If more than 64 bytes of 
data are loaded before the stop bit is given, the address 
pointer will'wrap around’ to the beginning of cache 
page 0 and existing bytes in the cache will be overwrit- 
ten. The device will not respond to any commands 
while the write cycle is in progress. 


7.1 Cache Write Starting at a Page 
Boundary 


lf a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, 
(Figure 8-2) a write command is initiated starting at 
byte 0 of page 3 with a fully loaded cache (64 bytes). 
The first byte in the cache is written to byte 0 of page 3 
(of the array), with the remaining pages in the cache 
written to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 


7.2 Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, the 
first byte loaded into the cache is always loaded into 
page 0. The byte within page 0 of the cache where the 
load begins is determined by the three least significant 
address bits (A2, Ai, AO) that were sent as part of the 
write command. if the write command does not start at 
byte 0 of a page and the cache is fully loaded, then the 
last byte(s) loaded into the cache will roll around to 
page 0 of the cache and fill the remaining empty bytes. 
If more than 64 bytes of data are loaded into the cache, 
data already loaded will be overwritten. In the example 
shown in Figure 8-3, a write command has been initi- 
ated starting at byte 2 of page 3 in the array with a fully 
loaded cache of 64 bytes. Since the cache started load- 
ing at byte 2, the last two bytes loaded into the cache 


will 'roll over’ and be loaded into the first two bytes of 
page 0 (of the cache). When the stop bit is sent, page 
0 of the cache is written to page 3 of the array. The 
remaining pages in the cache are then loaded sequen- 
tially to the array. A write cycle is executed after each 
page is written. If a partially loaded page in the cache 
remains when the STOP bit is sent, only the bytes that 
have been loaded will be written to the array. 


7.3 Power Management 


The design incorporates a power standby mode when 
not in use and automaticaliy powers off after the nor- 
mal termination of any operation when a stop bit is 
received and all internal functions are complete. This 
includes any error conditions, i.e. not receiving an 
acknowledge or stop condition per the two-wire bus 
specification. The device also incorporates VDD moni- 
tor circuitry to prevent inadvertent writes (data corrup- 
tion) during low-voltage conditions. The Vop monitor 
circuitry is powered off when the device is in standby 
mode in order to further reduce power consumption. 


8.0 PIN DESCRIPTIONS 


8.1 AO, Ai, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24AA65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AO) in the control byte 
(Figure 3-2 and Figure 8-1). 


8.2 SDA Serial Address/Data Input/ 
Output 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pull-up 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 400 
kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 8-1: CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 8-2: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. (2) 64 bytes of data are loaded into cache. 


cache page 0 
cache | cache cache ] cache page 1] cache page 2 cache page 7 
byte O | byte 1 byte 77 bytes 8-15 bytes 16-23 bytes 56-63 


“N 
(3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


) array row n 


(5) Last page in cache written to page 2 in next row. 








FIGURE 8-3: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


(4) Write command initiated; 64 bytes of data (2) Last 2 bytes loaded ‘roll over’ 


“a into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into 
page 0 of cache. | Cache | cache _ cache | cache page 1 | cache page 2 | cache page 7 
byte 0 | byte 1 | byte 2 byte 74 bytes 8-15 | bytes 16-23 bytes 56-63 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. 6) Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


6) Last 3 pages in cache written to next row in array. 
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24AA65 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. | 


24AA65 - = /P- 


| | P = Plastic DIP (300 mil Body) 
Package: SM = Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature Blank 0°C to +70°C 


Range: 


24AA65 64K I@C Serial EEPROM (100 kHz/400 kHz) 


Device: 
24AA65T ‘64K I2C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 





DS21056H-page 3-276 © 1998 Microchip Technology Inc. 





MICROCHIP 


24LC65 





64K 2.5V 7-C Smart Serial'’ EEPROM 





FEATURES 


Voltage operating range: 2.5V to 6.0V 

- Peak write current 3 mA at 6.0V 

- Maximum read current 150 pA at 6.0V 

- Standby current 1 A typical 

Industry standard two wire bus protocol I@C™ 

compatible 

8 byte page, or byte modes available 

2 ms typical write cycle time, byte or page 

64-byte input cache for fast write loads 

Up to 8 devices may be connected to the same 

bus for up to 512K bits total memory 

Including 100 kHz (2.5V) and 400 kHz (5.0V) 

compatibility 

Programmable block security options 

Programmable endurance options 

Schmitt trigger, filtered inputs for noise suppres- 

sion 

Output slope control to eliminate ground bounce 

Self-timed ERASE and WRITE cycles 

Power on/off data protection circuitry 

Endurance: . 

- 10,000,000 E/W cycles guaranteed for a High 
Endurance Block 

- 1,000,000 E/W cycles guaranteed for a Stan- 
dard Endurance Block 

Electrostatic discharge protection > 4000V 

Data retention > 200 years 

8-pin PDIP/SOIC packages 

Temperature ranges 

- Commercial (C): 

- Industrial (1) 


DESCRIPTION 


The Microchip Technology Inc. 24LC65 is a “smart” 8K 
x8 Serial Electrically Erasable PROM. This device 
has been developed for advanced, low power applica- 
tions such as personal communications, and provides 
the systems designer with flexibility through the use of 
many new user-programmable features. The 24LC65 
offers a relocatable 4K bit block of ultra-high-endur- 
ance memory for data that changes frequently. The 
remainder of the array, or 60K bits, is rated at 
1,000,000 ERASE/WRITE (E/W) cycles guaranteed. 
The 24LC65 features an input cache for fast write loads 
with a capacity of eight pages, or 64 bytes. This device 
also features programmable security options for E/W 
protection of critical data and/or code of up to fifteen 4K 


e e ee @© @ @ e 


0°C to +70°C 
-40°C to +85°C 


17C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technology Inc. 
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PACKAGE TYPES 










MEMORY 
CONTROL 






EEPROM 
ARRAY 


PAGE LATCHES 





SENSE AMP 
R/W CONTROL 


blocks. Functional address lines allow the connection 
of up to eight 24LC65's on the same bus for up to 512K 
bits contiguous EEPROM memory. Advanced CMOS 
technology makes this device ideal for low-power non- 
volatile code and data applications. The 24LC65 is 
available in the standard 8-pin plastic DIP and 8-pin 
surface mount SOIC package. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings* |__Name | Function = 
NOC teria aut easeenieeestes ecient eae ihiaaesiies 7.0V | A0,A1,A2 Jser Configurable Chip Selects 

All inputs and outputs wart. VSS... -0.6V to VCC +1.0V Vss Ground — 

Storage temperature ............cccccsseccsseseseeesrees -65°C to+150°C SDA Serial Address/Data/I/O 

Ambient temp. with power applied................. -65°C to +125°C . 

Soldering temperature of leads (10 seconds)............. +300°C SCL Serial Clock 

ESD protection on alll Pins ........cccesscscscsccsssssssesesseessssseeseees >4kV Vcc +2.5V to 6.0V Power Supply 
*Notice: Stresses above those listed under “Maximum Ratings” NC No Internal Connection 





may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +2.5V to +6.0V 
Commercial (C): Tamb= O°C to +70°C 
Industrial (1): Tamb= -40°C to +85°C 


Parameter | Sym | Min__| Max | units | __ Conditions| 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger inputs 
Low level output voltage 


Input leakage current 
Output leakage current 


Pin capacitance CIN, COUT 
(all inputs/outputs) 





| 10 | VIN = .1V to Voc 
| 10 | VouT = .1V to Vcc 


40 
10 Vcc = 5.0V (Note 1) 
3 


Tamb = 25°C, Fclk = 1 MHz 
Operating current Icc WRITE: 


a 
| Icc Read 150 Vcc = 6.0V, SCL = 400 kHz 
| | | AO, Ai, A2 = VSS | 


Note 1: This parameter is periodically sampled and not 100% tested. 
FIGURE 1-1: BUS TIMING START/STOP 
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Se 


7 ae 
(Note 1) 
(Note 1) | 





TABLE 1-3: AC CHARACTERISTICS 


nae Vcc = 4.5-6.0V 
2.5V-6.0V FAST MODE 
; Parameter STD. MODE A 


[Clock frequency | Fuk | — | 100 | — | 
4000 |_— | 600 | 
Tuow | 4700 | — | 1300 _| 


[SDAandSCLrisetme | Tra | — | 1000 | — | 300 
SDA and SCL fall time eee 


—_s 
START condition setup time THD:STA | 4000 Lena 
ps0 ed 
| 100 
| 600 
Leet 


100 





















































oO 
io) 








After this period the first 
clock pulse is generated 


START condition setup time Only relevant for 












repeated START condi- 
tion 
: ee ee ee 
[Data input setup time | Tsu:pat | 250 | ee 
Petes eee 
[Output valid from clock | TaA | — 


Time the bus must be 
free before a new trans- 
mission can start 


(Note 1), CB < 100 pF 








Bus free time 4700 
Output fall time from ViH min to TOF 
VIL max 


all 
Data inputholdtime | THOwDaT| 0 | — 
es 
eed 
a 


1300 


250 
Input filter spike suppression 
(SDA and SCL pins) 

Write cycle time 


250 | 20+0.1 
C 
| twa | — | 5 | 
Endurance 
High Endurance Block 


B 
(Note 4) 
10M 10M 
Rest of Array 1M 1M 


cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 5) 
Note 1: Not 100 percent tested. Cs = total capacitance of one bus line in pF. 


2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined TsP and VuHyYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 
cache for total time. 

5: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 






o) 
oO 





SCL 


TSU:STA —> THD:DAT 


VaVaVataVaVaVvaVaavaVaVas~ 
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SORRY, 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC65 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 
e Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
Ail commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24LC65) must leave the data line 
HIGH to enable the master to generate the STOP con- 
dition. 


FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


ADDRESS OR 


START 
CONDITION ACKNOWLEDGE 


VALID 





CX KX] 
Ox KX) 
PSN 


—— 


DATA STOP 
ALLOWED CONDITION 
TO CHANGE 
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3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The control byte 
consists of a four bit control code, for the 24LC65 this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte 
defines the operation to be performed. When set to a 
one a read operation is seiecied, when set to a zero a 
write operation is selected. The next two bytes received 
define the address of the first data byte (Figure 4-1). 
Because only A12..A0 are used, the upper three 
address bits must be zeros. The most significant bit of 
the most significant byte is transferred first. Following 
the start condition, the 24LC65 monitors the SDA bus 
checking the device type identifier being transmitted. 
Upon receiving a 1010 code and appropriate device 
select bits, the slave device (24LC65) outputs an 
acknowledge signal on the SDA line. Depending upon 
the state of the R/W bit, the 24LC65 will select a read 
or write operation. 


Operation | Control Code | Device Select Cd 


Read 1010 Device Address 
Write 1010 Device Address 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 


READ/WRITE 


pr fo fa fo fae} a] a 



















LAVE ADDRES 





FIGURE 4-1: BYTE WRITE 
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7 
BUS ACTIVITY A CONTROL 


MASTER 


SDA LINE 


BUS ACTIVITY 
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Word 
Address (1) 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the con- 
trol code (four bits), the device select (three bits), and 
the R/W bit which is a logic low is placed onto the bus 
by the master transmitter. This indicates to the 
addressed slave receiver (24LC65) that a byte with a 
word address will follow after it has generated an 
acknowledge bit during the ninth clock cycle. Therefore 
the next byte transmitted by the master is the 
high-order byte of the word address and will be written 
into the address pointer of the 24LC65. The next byte 
is the least significant address byte. After receiving 
another acknowledge signal from the 24LC65 the mas- 
ter device will transmit the data word to be written into 
the addressed memory location. The 24LC65 acknowl- 
edges again and the master generates a stop condi- 
tion. This initiates the internal write cycle, and during 
this time the 24LC65 will not generate acknowledge 
signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC65 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24LC65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remain 
constant. If the master should transmit more than eight 
bytes prior to generating the stop condition (writing 
across a page boundary), the address counter (lower 
three bits) will roll over and the pointer will be incre- 
mented to point to the next line in the cache. This can 
continue to occur up to eight times or until the cache is 
full, at which time a stop condition should be generated 
by the master. If a stop condition is not received, the 
cache pointer will roll over to the first line (byte 0) of the 
cache, and any further data received will overwrite pre- 
viously captured data. The stop condition can be sent 
at any time during the transfer. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin. The 64 byte cache will con- 
tinue to capture data until a stop condition occurs or the 
operation is aborted (Figure 4-2). 


Word 
Address (0) 
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FIGURE 4-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 8-2) 
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FIGURE 4-3: CURRENT ADDRESS READ 
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FIGURE 4-4: RANDOM READ 
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FIGURE 4-5: SEQUENTIAL READ 
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5.0 READ OPERATION 


Read operations are initiated in the same way as write 
Operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


5.1 Current Address Read 


The 24LC65 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (nis 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24LC65 issues an acknowledge and transmits the eight 
bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24LC65 discontinues transmission (Figure 4-3). 


5.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC65 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
Start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con- 
trol byte again but with the R/W bit set to a one. The 
24LC65 will then issue an acknowledge and transmit 
the eight bit data word. The master will not acknowl- 
edge the transfer but does generate a stop condition 
which causes the 24LC65 to discontinue transmission 
(Figure 4-4). 


5.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24LC65 to transmit the 
next sequentially addressed 8 bit word (Figure 4-5). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


To provide sequential reads the 24LC65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


5.4 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 512K 
bits by adding up to eight 24LC65's on the same bus. 
In this case, software can use AO of the control byte as 
address bit A13, A1 as address bit A14, and A2 as 
address bit A15. 


5.5 Noise Protection 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to assure proper device operation 
even on a noisy bus. All I/O lines incorporate Schmitt 
triggers for 400 KHz (Fast Mode) compatibility. 


5.6 High Endurance Block 


The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. This block will be capable of 
10,000,000 ERASE/WRITE cycles typical (Figure 8-1). 





LE EA AE RE SR I I SR DEI TL I ES EEL EIS EEE A SST ETI EPEAT SS PE IEE TET ELE TE EE LT SESE TT I LEE I ED EET SAE I IPT IRIEL TT A EEE ASSEN 
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5.7 Security Options 


The 24LC65 has a sophisticated mechanism for 
write-protecting portions of the array. This write protect 
function is programmable and allows the user to protect 
0-15 contiguous 4K blocks. The user sets the security 
option by sending to the device the starting block num- 
ber for the protected region and the number of blocks 
to be protected. All parts will come from the factory in 
the default configuration with the starting block number 
set to 15 and the number of protected blocks set to 
zero. THE SECURITY OPTION CAN BE SET ONLY 
ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (Figure 8-1). Bits 1-4 of the first 
address byte define the starting block number for the 
protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first address 
byte. A byte of don’t care bits is then sent by the mas- 
ter, with the device acknowledging afterwards. The 
third byte sent to the device has bit 7 (S/HE) set high 
and. bit 6 (R) set low. Bits 4 and 5 are don’t cares and 
bits 0-3 define the number of blocks to be write pro- 
tected. For example, if three blocks are to be protected, 
the third byte would be 10XX0011. After the third byte 
is sent to the device, it will acknowledge and a STOP 
bit is then sent by the master to complete the com- 
mand. 


During a normal write sequence, if an attempt is made 
to write to a protected address, no data will be written 
and the device will not report an error or abort the com- 
mand. lf a write command is attempted across a 
secure boundary, unprotected addresses will be writ- 
ten and protected addresses will not. 


5.8 Security Configuration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this 
option except the READ bit (bit 6) of the configuration 
byte is set to a one. After the configuration byte is sent, 
the device will acknowledge and then send two bytes of 
data to the master just as in a normal read sequence. 
The master must acknowledge the first byte and not 
acknowledge the second, and then send a stop bit to 
end the sequence. The upper four bits of both of these 
bytes will always be read as ‘1's. The lower four bits of 
the first byte contains the starting secure block. The 
lower four bits of the second byte contains the number 
of secure blocks. The default starting secure block is fif- 
teen and the default number of secure blocks is zero 
(Figure 8-1). 


6.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 6-1 for flow diagram. _ 


FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 PAGE CACHE AND ARRAY 
MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro- 
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. Even 
if a page is only partially loaded, it will still require the 
same cycle time as a full page. If more than 64 bytes of 
data are loaded before the stop bit is given, the address 
pointer will 'wrap around’ to the beginning of cache 
page 0 and existing bytes in the cache will be overwrit- 
ten. The device will not respond to any commands 
while the write cycle is in progress. 


7.1 Cache Write Starting at a Page 
Boundary 


If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, 
(Figure 8-2) a write command is initiated starting at 
byte 0 of page 3 with a fully loaded cache (64 bytes). 
The first byte in the cache is written to byte 0 of page 3 
(of the array), with the remaining pages in the cache 
written to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 


7.2 Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, the 
first byte loaded into the cache is always loaded into 
page 0. The byte within page 0 of the cache where the 
load begins is determined by the three least significant 
address bits (A2, A1, AO) that were sent as part of the 
write command. If the write command does not start at 
byte 0 of a page and the cache is fully loaded, then the 
last byte(s) loaded into the cache will roll around to 
page 0 of the cache and fill the remaining empty bytes. 
If more than 64 bytes of data are loaded into the cache, 
data already loaded will be overwritten. In the example 
shown in Figure 8-3, a write command has been initi- 
ated starting at byte 2 of page 3 in the array with a fully 
loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the 


cache will ‘roll over’ and be loaded into the first two 
bytes of page 0 (of the cache). When the stop bit is 
sent, page 0 of the cache is written to page 3 of the 
array. The remaining pages in the cache are then 
loaded sequentially to the array. A write cycle is exe- 
cuted after each page is written. If a partially loaded 
page in the cache remains when the STOP bit is sent, 
only the bytes that have been loaded will be written to 
the array. 


7.3 Power Management 


The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. This includes 
any error conditions, i.e. not receiving an acknowledge 
or stop condition per the two-wire bus specification. 
The device also incorporates VDD monitor circuitry to 
prevent inadvertent writes (data corruption) during 
low-voltage conditions. The VoD monitor circuitry is 
powered off when the device is in standby mode in 
order to further reduce power consumption. 


8.0 PIN DESCRIPTIONS 


8.1 AO, A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24LC65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AO) in the control byte 
(Figure 3-2 and Figure 8-1). 


8.2 SDA Serial Address/Data 
Input/Output 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 400 
kHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


8.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 8-1: CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 8-2: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. (2) 64 bytes of data are loaded into cache. 


cache page 0 


cache | cache cache | cache page 1 J cache page 2 cache page 7 
byte O | byte 1 byte 7] bytes 8-15 bytes 16-23 bytes 56-63 


\ 
(3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 






array rown 


6) Last page in cache written to page 2 in next row. 





FIGURE 8-3: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


(2) Write command initiated; 64 bytes of data (2) Last 2 bytes loaded ‘roll over 


loaded into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes er : : 


loaded into 
page 0 of cache. | cache | cache | cache cache | cache page 1] cache page 2 cache page 7 
byte 0 | byte 1 | byte 2 byte 7] bytes 8-15 bytes 16-23 bytes 56-63 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


© Last 3 pages in cache written to next row in array. 





a el 
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24LC65 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. ; ; 


/P 
7 P = Plastic DIP (300 mil Body) 
L____package: SM Plastic SOIC (207 mil Body, EIAJ standard) 
Temperature Blank 0°C to +70°C 
I 


24LC65 - 


-40°C to +85°C 


24LC65 —«64K I°C Serial EEPROM (100 kHz/400kHz) 
24LC65T ‘64K I2C Serial EEPROM (Tape and Reel) 


Range: 


Device: 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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64K 5.0V °C” Smart Serial’ EEPROM 





FEATURES 


¢ Voltage operating range: 4.5V to 5.5V 

- Peak write current 3 mA at 5.5V 

- Maximum read current 150 pA at 5.5V 

- Standby current 1 WA typical 

Industry standard two-wire bus protocol, I2@C™ 

compatible 

8 byte page, or byte modes available 

2 ms typical write cycle time, byte or page 

64-byte input cache for fast write loads 

Up to eight devices may be connected to the 

same bus for up to 512K bits total memory 

Including 400 KHz compatibility 

Programmable block security options 

Programmable endurance options 

Schmitt trigger, filtered inputs for noise suppres-. 

sion 

Output slope control to eliminate ground bounce 

Self-timed ERASE and WRITE cycles 

Power on/off data protection circuitry 

Endurance: 

- 10,000,000 E/W cycles guaranteed for High 
Endurance Block 

- 100,000 E/W cycles guaranteed for a Stan- 
dard Endurance Block 

Electrostatic discharge protection > 4000V 

Data retention > 200 years 

8-pin PDIP/SOIC packages 

Temperature ranges. 

- Commercial (C): O°C to +70°C 


- Industrial (I) -40°C to +85°C 
- Automotive (E): -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 24C65 is a “smart” 8K x 
8 Serial Electrically Erasable PROM (EEPROM). This 
device has been developed for advanced, low power 
applications such as personal communications, and 
provides the systems designer with flexibility through 
the use of many new user-programmable features. The 
24C65 offers a relocatable 4K bit block of 
ultra-high-endurance memory for data that changes 
frequently. The remainder of the array, or 60K bits, is 
rated at 1,000,000 ERASE/WRITE (E/W) cycles guar- 
anteed. The 24C65 features an input cache for fast 
write loads with a capacity of eight pages, or 64 bytes. 
This device also features programmable security 


I7C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technology Inc. 





PACKAGE TYPES 





HV GENERATOR 


MEMORY 


EEPROM 
CONTROL Pe al SERAY 


PAGE LATCHES 


SENSE AMP 
R/W CONTROL 


options for E/W protection of critical data and/or code 
of up to fifteen 4K blocks. Functional address lines 
allow the connection of up to eight 24C65's on the 
same bus for up to 512K bits contiguous EEPROM 
memory. Advanced CMOS technology makes this 
device ideal for low-power nonvolatile code and data 
applications. The 24C65 is available in the standard 
8-pin plastic DIP and 8-pin surface mount SOIC pack- 
age. 
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10 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings* 

Vcc.....: Oe cccccccanvasescerssunssces PPOTIRITITITITITTITITITITITTTTTTTTT TTT ert eT rire 7.0V ee oot AQ,A1 /A2 ‘ User Configurable Chip Selects 
All inputs and outputs w.r.t. VSS oo... -0.6V to Vcc +1.0V Vss Ground 

Storage temperature ........... cc sesccsscccssseesseseees -65°C to +150°C . SDA | Serial Address/Data I/O 

Ambient temp. with power applied................. -65°C to +125°C 7 . 

Soldering temperature of leads (10 seconds)............. +300°C ap as SCL serial Clock . 
ESD protection on all Pins .......c..cccccccsssecsseccsesccsecssesssecesecens 24kV Vcc +4.5V to 5.5V Power Supply 





*Notice: Stresses above those listed under “Maximum Ratings” NC No Internal Connection 


may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +4.5V to +5.5V 

Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): | Tamb = -40° to +85°C 
Automotive (E): Tamb = -40°C to +125°C 


|____—Parameter__——_|_Symbol_| Min | Max _| 


AO, Ai, A2, SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Hysteresis of Schmitt Trigger : Note 1 
inputs j loL = 3.0 mA 


Low level output voltage | 
Input leakage current VIN = .1V to VCC 
VouT = .1V to Vcc 


CIN, COUT | Vcc = 5.0V (Note 1) 
Tamb = 25°C, FCLK = 1 MHz 


I -10 
ILO 
| icc Read | wA j|Vcc=5.5V, SCL = 400 kHz 

Standby current | Vcc = 5.5V, SCL = SDA =Vcc 
AO, A1, A2=Vss 


Note 1: This parameter is periodically sampled and not 100% tested. 
FIGURE 1-1: BUS TIMING START/STOP 
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TABLE 1-3: © AC CHARACTERISTICS 


STD. MODE FAST MODE 
Parameter 


Clock frequency 
Clock high time 4000 
Clock low time 


CLK 
OW 
R 

TF 





























kHz 


130 


Ww - 
Lo) © 


fis 
| = | 100 | _ns__| (Note 1) 
|SDAandSCLfalltime || Tr_ | ~— | 300 300 | ns_| 


START condition hold time THD:STA ; 4000 = 600 


START condition setup time 


Data input hold time | THD:paT| =O 





After this period the first 
clock pulse is generated 
Only relevant for repeated 
START condition 

(Note 2) 


Time the bus must be free 
before a new transmission 
can start 


(Note 1), CB < 100 pF 


ae 


STOP condition setup time 4000 








| 600 _| 
[Output valid from clock | Tan | — Lees 


= “ gi 


Output fall time from VIH min to TOF 250 =| 20+0.1 
VIL max C 
Input filter spike suppression TSP 

(SDA and SCL pins) 


B 

Twa | = 
10M 
1M 


Endurance 
10M 
1M 


High Endurance Block 
Rest of Array 
Note 1: Not 100 percent tested. CB = total capacitance of one bus line in pF. 

2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 
cache for total time. 

5: This parameter is not tested but guaranteed by characterization. For endurance estimates on a specific 
application, please consult the Total Endurance Mode which can be obtained on our website. 


FIGURE 1-2: BUS TIMING DATA 
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2.0 FUNCTIONAL DESCRIPTION 


The 24C65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C65 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 

¢ Data transfer may be initiated only when the bus 

is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. in this 
case, the slave (24C65) must leave the data line HIGH 
to enable the master to generate the STOP condition. 


FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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3.6 Device Addressing 


A control byte is the first byte received following the start | 


condition from the master device. The control byte con- 
sists of a four bit control code, for the 24C65 this is set 
as 1010 binary for read and write operations. The next 
three bits of the control byte are the device select bits 
(A2, A1, AO). They are used by the master device to 
select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (R/W) 
defines the operation to be performed. When set to a 
one a read operation is selected, when set to a zero a 
write operation is selected. The next two bytes received 
define the address of the first data byte (Figure 4-1). 
Because only A12..AO0 are used, the upper three 
address bits must be zeros. The most significant bit of 
the most significant byte is transferred first. Following 
the start condition, the 24C65 monitors the SDA bus 
checking the device type identifier being transmitted. 
Upon receiving a 1010 code and appropriate device 
select bits, the slave device (24C65) outputs an 
acknowledge signal on the SDA line. Depending upon 
the state of the R/W bit, the 24C65 will select a read or 
write operation. 


, Control ‘ 
Operation Device Select ca 


| Write | 1010 | Device Address | 0 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 


START READ/WRITE 


Pe Se 
“Leer ae 























‘ 
‘ 
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FIGURE 4-1: BYTE WRITE 
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Word 
Address (1) 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
R/W bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed slave 
receiver (24C65) that a byte with a word address will fol- 
low after it has generated an acknowledge bit during the 
ninth clock cycle. Therefore the next byte transmitted by 
the master is the high-order byte of the word address 
and will be written into the address pointer of the 24C65. 
The next byte is the least significant address byte. After 
receiving another acknowledge signal from the 24C65 
the master device will transmit the data word to be writ- 
ten into the addressed memory location. The 24C65 
acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and dur- 
ing this time the 24C65 will not generate acknowledge 
signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C65 in the same way as in 
a byte write. But instead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24C65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the receipt 
of each word, the six lower order address pointer bits are 
internally incremented by one. The higher order seven 
bits of the word address remain constant. If the master 
should transmit more than eight bytes prior to generating 
the stop condition (writing across a page boundary), the 
address counter (lower three bits) will roll over and the 
pointer will be incremented to point to the next line in the 
cache. This can continue to occur up to eight times or 
until the cache is full, at which time a stop condition 
should be generated by the master. If a stop condition is 
not received, the cache pointer will roll over to the first 
line (byte 0) of the cache, and any further data received 
will overwrite previously captured data. The stop condi- 
tion can be sent at any time during the transfer. As with 
the byte write operation, once the stop condition is 
received an internal write cycle will begin. The 64 byte 
cache will continue to capture data until a stop condition 
occurs or the operation is aborted (Figure 4-2). . 


Word 
Address (0) 





© 1998 Microchip Technology Inc. 


DS21058I-page 3-293 





24C65 








FIGURE 4-2: PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 8-2) 
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FIGURE 4-3: CURRENT ADDRESS READ 
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FIGURE 4-4: RANDOM READ 
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FIGURE 4-5: SEQUENTIAL READ 
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5.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


5.1 Current Address Read 


The 24C65 contains an address counter that maintains 
the address of the last word accessed, internally incre- 
mented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (nis 
any legal address), the next current address read oper- 
ation would access data from address n + 1. Upon 
receipt of the slave address with R/W bit set to one, the 
24C65 issues an acknowledge and transmits the eight 
bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24C65 discontinues transmission (Figure 4-3). 


5.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24C65 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the con- 
trol byte again but with the R/W bit set to a one. The 
24C65 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24C65 to discontinue transmission 
(Figure 4-4). 


5.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24C65 transmits the first 
data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24C65 to transmit the 
next sequentially addressed 8 bit word (Figure 4-5). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. 


To provide sequential reads the 24C65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


5.4 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 512K 
bits by adding up to eight 24C65's on the same bus. In 
this case, software can use AO of the control byte as 
address bit A13, Al as address bit A14, and A2 as 
address bit A15. 


5.5 Noise Protection 


The SCL and SDA inputs have filter circuits which sup- 
press noise spikes to assure proper device operation 
even on a noisy bus. All I/O lines incorporate Schmitt 
triggers for 400 KHz (Fast Mode) compatibility. 


5.6 High Endurance Block 


The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
~ which 4K block within the memory map will be set to 
high endurance (Figure 8-1). This block will be capable 
of 10,000,000 erase/write cycles. 





5.7 Security Options 


The 24C65 has a sophisticated mechanism for 
write-protecting portions of the array. This write protect 
function is programmable and allows the user to protect 
0-15 contiguous 4K blocks. The user sets the security 
option by sending to the device the starting block num- 
ber for the protected region and the number of blocks 
to be protected. All parts will come from the factory in 
the default configuration with the starting block number 
set to 15 and the number of protected blocks set to 
zero. THE SECURITY OPTION CAN BE SET ONLY 
ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (Figure 8-1). Bits 1-4 of the first 
address byte define the starting block number for the 
protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first address 
byte. A byte of don't care bits is then sent by the mas- 
ter, with the device acknowledging afterwards. The 
third byte sent to the device has bit 7 (S/HE) set high 
and bit 6 (R) set low. Bits 4 and 5 are don't cares and 
bits 0-3 define the number of blocks to be write pro- 


em a PTS STE BS RA Sy A SS SS ETI SE LR SE DE SSO IGT SE ES SA ETE ED ERE TE EE TIE PE IE IES EI EESTI IE ELEC ETP LE ITI GPE ES TEI SE PETES OE LT, 
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tected. For example, if three blocks are to be protected, 
the third byte would be 10XX0011. After the third byte 
is sent to the device, it will acknowledge and a STOP 
bit is then sent by the master to complete the com- 
mand. : | 


During a normal write sequence, if an attempt is made 
to write to a protected address, no data will be written 
and the device will not report an error or abort the com- 
mand. If a write command is attempted across a 
secure boundary, unprotected addresses will be writ- 
ten and protected addresses will not. 


5.8 Security Configuration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this 
option except the READ bit (bit 6) of the configuration 
byte is set to a one. After the configuration byte is sent, 
the device will acknowledge and then send two bytes of 
data to the master just as in a normal read sequence. 
The master must acknowledge the first byte and not 
acknowledge the second, and then send a stop bit to 
end the sequence. The upper four bits of both of these 
bytes will always be read as ‘1's. The lower four bits of 
the first byte contains the starting secure block. The 
lower four bits of the second byte contains the number 
of secure blocks. The default starting secure block is fif- 
teen and the default number of secure blocks is zero 
(Figure 8-1). 


6.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 


sending a start condition followed by the contro! byte 


for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 6-1 for flow diagram. | 


FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 PAGE CACHE AND ARRAY 
MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively pro- 
viding a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache 
starts loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. Even 
if a page is only partially loaded, it will still require the 
same cycle time as a full page. If more than 64 bytes of 
data are loaded before the stop bit is given, the address 
pointer will 'wrap around’ to the beginning of cache 
page 0 and existing bytes in the cache will be overwrit- 
ten. The device will not respond to any commands 
while the write cycle is in progress. 


7.1 Cache Write Starting at a Page 
Boundary 


If a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, 
(Figure 8-2) a write command is initiated starting at 
byte 0 of page 3 with a fully loaded cache (64 bytes). 
The first byte in the cache is written to byte 0 of page 3 
(of the array), with the remaining pages in the cache 
written to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 


7.2 Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, the 
first byte loaded into the cache is always loaded into 
page 0. The byte within page 0 of the cache where the 
load begins is determined by the three least significant 
address bits (A2, A1, AO) that were sent as part of the 
write command. If the write command does not start at 
byte 0 of a page and the cache is fully loaded, then the 
last byte(s) loaded into the cache will roll around to 
page 0 of the cache and fill the remaining empty bytes. 
If more than 64 bytes of data are loaded into the cache, 
data already loaded will be overwritten. In the example 
shown in Figure 8-3, a write command has been initi- 
ated starting at byte 2 of page 3 in the array with a fully 
loaded cache of 64 bytes. Since the cache started load- 
ing at byte 2, the last two bytes loaded into the cache 


will 'roll over’ and be loaded into the first two bytes of 
page 0 (of the cache). When the stop bit is sent, page 
0 of the cache is written to page 3 of the array. The 
remaining pages in the cache are then loaded sequen- 
tially to the array. A write cycle is executed after each 
page is written. If a partially loaded page in the cache 
remains when the STOP bit is sent, only the bytes that 
have been loaded will be written to the array. 


7.3 Power Management 


The design incorporates a power standby mode when 
not in use and automatically powers off after the nor- 
mal termination of any operation when a stop bit is 
received and all internal functions are complete. This 
includes any error conditions, i.e. not receiving an 
acknowledge or stop condition per the two-wire bus 
specification. The device also incorporates VDD moni- 
tor circuitry to prevent inadvertent writes (data corrup- 
tion) during low-voltage conditions. The VpD monitor 
circuitry is powered off when the device is in standby 
mode in order to further reduce power consumption. 


8.0 PIN DESCRIPTIONS 


8.1 AO, Ai, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24C65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AQ) in the control byte 
(Figure 3-2 and Figure 8-1). 


8.2 SDA Serial Address/Data 
Input/Output 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 KHz, 2 KQ for 400 
KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. | 


8.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


© 1998 Microchip Technology Inc. 


DS21058I-page 3-297 





oe 


24C6 





FIGURE 8-1: CONTROL SEQUENCE BIT ASSIGNMENTS 





Control Byte - Address Byte 1 Address Byte 0 


S/HE 
Slave Device 
Address Select 
Bits 


Security Read 


_ Acknowledges from Device 


Security Write 


Acknowledges from Device 


S 
t 
a 
r 
t 


S/HE 
Starting Block | Number of 
Number Blocks to 
Protect 


igh Endurance Block Read 


Acknowledges from Device 





BRBARA BER ORO BOE 
[ee 


High Endurance 
Block Number 


Configuration Byte 


——~——+ 
BGGGH 


A|AJAIR A A A 
eile slolovekivelelel [l+]+[+]+]+[-[o 





Acknowledge 
from 
Master 


Starting Block 
Number 


No 
ACKS 
t 
fe) 
p 


Nee ace seat 
High Endurance 
Block Number 


fe) 
ACK 
S 
t 
oO 
p 
Number of 


Blocks to 
Protect 


© 1998 Microchip Technology Inc. 


DS21058I-page 3-298 


24C65 





FIGURE 8-2: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. @) 64 bytes of data are loaded into cache. 


cache page 0 


1 cache | cache cache | cache page 1 | cache page 2 cache page 7 
byte O | byte 1 byte 77 bytes 8-15 bytes 16-23 bytes 56-63 


= 
(3) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. (4) Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


6) Last page in cache written to page 2 in next row. 





FIGURE 8-3: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


@) Write command initiated; 64 bytes of data (2) Last 2 bytes loaded ‘roll over 


cs into cache starting at byte 2 of page 0. to beginning. 
Last 2 bytes 


loaded into 
page 0 of cache. | cache | cache a. cache | cache page 1] cache page 2 cache page 7 
byte 0 | byte 1 | byte 2 byte 7 bytes 8-15 | bytes 16-23 bytes 56-63 


(4) Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. G) Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 


6) Last 3 pages in cache written to next row in array. 
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24C65 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


1p —_ 
| Package: P = Plastic DIP (300 mil Body) 


SM Plastic SOIC (207 mil Body, ElIAJ standard) 
Temperature Blank 0°C to +70°C 
I 


-40°C to +85°C 
E -40°C to +125°C 


pee: 24C65 64K IC Serial EEPROM (100 kHz/400kHz) 
" 24C65T 64K I?C Serial EEPROM (Tape and Reel) 


Range: 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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64K 5.0V 1 MHz IC Smart Serial» EEPROM 





FEATURES 


= Voltage operating range: 4.5V to 5.5V 

- Maximum write current 3 mA at 5.5V 

- Maximum read current 150 pA at 5.5V 

- Standby current 1 A typical 

1 MHz SE2.bus two wire protocol 

Up to eight devices may be connected to the 

same bus for up to 512K bits total memory 

Programmable block security options 

Programmable endurance options 

Schmitt trigger inputs for noise suppression 

Self-timed ERASE and WRITE cycles 

Power on/off data protection circuitry 

Endurance: 

- 10,000,000 E/W cycles guaranteed for a 4K 
block 

- 1,000,000 E/W cycles guaranteed for a 60K 
block 

Variable page size up to 64 bytes 

8 byte x 8 line input cache (64 bytes) 

for fast write loads 

<3 ms typical write cycle time, byte or page 

Electrostatic discharge protection > 4000V 

Data retention > 200 years 

8-pin PDIP/SOIC packages 

Temperature ranges 

- Commercial (C): 

- Industrial (1): 


DESCRIPTION 


The Microchip Technology Inc. 24FC65 is a “smart” 
8K 8x 8 Serial Electrically Erasable PROM (EEPROM) 
with a high-speed 1MHz SE2.bus whose protocol is 
functionally equivalent to the industry-standard I@C 
bus. This device has been developed for advanced 
applications such as personal communications, and 
provides the systems designer with flexibility through 
the use of many new user-programmable features. The 
24FC65 offers a _ relocatable 4K-bit block of 
ultra-high-endurance memory for data that changes 
frequently. The remainder of the array, or 60K bits, is 
rated at 1,000,000 ERASE/WRITE (E/W) cycles 
guaranteed. The 24FC65 features an input cache for 
fast write loads with a capacity of eight pages, or 64 
bytes. This device also features programmable 
security options for E/W protection of critical data 
and/or code of up to fifteen 4K blocks. Functional 


0°C to +70°C 
-40°C to +85°C 


I?C is a trademark of Philips Corporation. 
Smart Serial is a trademark of Microchip Technology Inc. 


PACKAGE TYPES 


MEMORY 


CONTROL eralony 


ARRAY 


PAGE LATCHES 





address lines allow the connection of up to eight 
24FC65's on the same bus for up to 512K bits 
contiguous EEPROM memory. The 24FC65 is available 
in the standard 8-pin plastic DIP and 8-pin surface 
mount SOIC package. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1 Maximum Ratings* 

WCO arti eer ds Soar Re Oa 7.0V A0,A1,A2 —_| User Configurable Chip Selects 
All inputs and outputs w.r.t. VSS ..........0.0... -0.6V to Vcc +1.0V Vss Ground 

Storage teMperature ..........cceserereereeeseeeeee"O0 CG to +150°C SDA Serial Address/Data I/O 
Ambient temp. with power applied................. -65°C to +125°C . 

Soldering temperature of leads (10 seconds)............. +300°C SCL Serial Clock 

ESD protection on alll pins ........cccccccseccsssssscscsssescssseeeccsseeees >4kV Vcc +4.5V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum Ratings” NC No Internal Connection 





may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +4.5V to +5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


| ___—Parameter_—_——|_Symbol_| Min | Max __| Units | __Condiions | 


AO, A1, A2, SCL and SDA pins: 
High level input voltage 0.7 Vcc 
Low level input voltage — 
Hysteresis of SCL and SDA | 0.05 Vcc (Note) 
Low level output voltage of SDA — loL=3.0 mA 


Input leakage current | ou | 10 10s| pA VIN = 0.1V to Vcc 
Output leakage current VouT = 0.1V to Vcc 


(all inputs/outputs) Tamb = 25°C, FCLK = 1 MHz 
fme| = |B [o fecevseite 
icc Read 150 vA |Vcc = 5.5V, SCL = 1 MHz 
Standby current Iccs Vcc = 5.5V, SCL = SDA =Vcc 
| AO, A1,A2=Vss 


Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUS TIMING START/STOP 








TSU:STA : 
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TABLE 1-3: AC CHARACTERISTICS 


Glock frequency P Fok | 0 | 1000 
ns 




















ieee ee eee 
Clock hightime | tig =| 500 | — | ons | 
Clocklowtime |S Tuow =| 500 | — | ms (od 
TR | — | 300 | ns |(Notet) 
[SDAandSCLialltime | TF | 100 


R 
F ns | 
START hold time | THD:STA 250 — After this period the first clock pulse is 
generated 
10 


[START setuptime | Tsu:sta_|  250_| |__ns__|Only relevant for repeated START __| 
Data inputholdtime | THo:DAT | 0 | aes ee ere 
Data inputsetuptime | Tsuoat | 100 | — | ms | 
Teusto | 250 | — | ms fo 
[Output valid fromclock | TAA | | 350 | 


Bus free time TBUF Time the bus must be free before a 
new transmission can start 
Write cycle time | Twr | — | 5 __[ms/page|(Note 3) 


Endurance 
High Endurance Block 10M cycles | 25°C, Vcc = 5.0V, Block Mode 
Rest of Array 1M (Note 4) 


Note 1: Not 100 percent tested. 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 100 ns) of the falling edge of SCL to avoid unintended generation of START or STOPs. 
3: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write 
cache for total time. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


FIGURE 1-2: _BUSTIMING DATA 











TSU:STA —> THD:DAT 
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2.0 FUNCTIONAL DESCRIPTION 


The 24FC65 supports a bidirectional two-wire bus and 


data transmission protocol. A device that sends data. 
onto the bus is defined as transmitter, and a device — 


receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOPs, while the 24FC65 works as slave. 
Both master and slave can operate as transmitter or 


receiver but the master device determines which mode 


is activated. . 
3.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. 


During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 
A HIGH to LOW transition of the SDA line while the 


clock (SCL) is HIGH determines a START. All 


commands must be preceded by a START. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP. All 
operations must be ended with a STOP. 


3.4 ‘Data Valid (D 


The state of the data line represents valid data when, 
after a START, the data line is stable for the duration of 


_ the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 


~ period of the clock signal. There is one clock pulse per 


bit of data. - 


Each data transfer is initiated with a START and 
terminated with a STOP. The number of the data bytes 
transferred between the START and STOPs is 
determined by the master device. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. 
During reads, a master must signal an end of data to 
the slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24FC65) must leave the data line 
HIGH to enable the master to generate the STOP. 


FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 


S550) ; 
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START Address Data Allowed STOP 


Condition or 
Acknowledge 
Valid 


to Change Condition 
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3.6 Device Addressing 


A control byte is the first byte received following the 
START from the master device. The control byte 
consists of a four bit control code, for the 24FC65 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device to 
select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (R/W) 
defines the operation to be performed. When set to a 
one a read operation is selected, when set io a zero a 
write Operation is selected. The next two bytes received 
define the address of the first data byte (Figure 4-1). 
Because only A12..AO0 are used, the upper three 
address bits must be zeros. The most significant bit of 
the most significant byte is transferred first. Following 
the START, the 24FC65 monitors the SDA bus checking 
the device type identifier being transmitted. Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24FC65) outputs an acknowledge 
signal on the SDA line. Depending upon the state of the 
R/W bit, the 24FC65 will select a read or write operation. 


Read 1010 Device Address 
Write 1010 Device Address 


FIGURE 3-2: CONTROL BYTE 
ALLOCATION 


START READ/WRITE 


aE 


















1 


X = Don’t care 


FIGURE 4-1: BYTE WRITE 





BUS ACTIVITY T = CONTROL 
MASTER : BYTE 


SDA LINE 


BUS ACTIVITY 





ADDRESS (1) 


4.0 WRITE OPERATION 
4.1 Byte Write 


Following the START from the master, the control code 
(four bits), the device select (three bits), and the R/W bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave 
receiver (24FC65) that a byte with a word address will 
follow after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte transmitted 
by the master is the high-order byte of the word address 
and will be written into the address pointer of the 
24FC65. The next byte is the least significant address 
byte. After receiving another acknowledge signal from 
the 24FC65 the master device will transmit the data 
word to be written into the addressed memory location. 
The 24FC65 acknowledges again and the master 
generates a STOP. This initiates the internal write cycle, 
and during this time the 24FC65 will not generate’ 
acknowledge signals (Figure 4-1). 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24FC65 in the same way as 
in a byte write. But instead of generating a STOP the 
master transmits up to eight pages of eight data bytes 
each (64 bytes total) which are temporarily stored in the 
on-chip page cache of the 24FC65. They will be written 
from the cache into the EEPROM array after the master 
has transmitted a STOP. After the receipt of each word, 
the six lower order address pointer bits are internally 
incremented by one. The higher order seven bits of the 
word address remain constant. If the master should 
transmit more than eight bytes prior to generating the 
STOP (writing across a page boundary), the address 
counter (lower three bits) will roll over and the pointer will 
be incremented to point to the next line in the cache. This 
can continue to occur up to eight times or until the cache 
is full, at which time a STOP should be generated by the 
master. If a STOP is not received, the cache pointer will 
roll over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously captured 
data. The STOP can be sent at any time during the 
transfer. As with the byte write operation, once the 
STOP is received an internal write cycle will begin. The 
64 byte cache will continue to capture data until a STOP 
occurs or the operation is aborted (Figure 4-2). 


WORD 
ADDRESS (0) 
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FIGURE 4-2: _PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 7-1) 
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FIGURE 4-3: CURRENT ADDRESS READ 
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FIGURE 4-4: RANDOM READ 
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FIGURE 4-5: SEQUENTIAL READ 
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5.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
Slave address is set to one. There are three basic 
types of read operations: current address read, random 
read, and sequential read. 


5.1 Current Address Read 


The 24FC65 contains an address counter that 
maintains the address of the last word accessed, 
internally incremented by one. Therefore, if the 
previous access (either a read or write operation) was 
to address n (n is any legal address), the next current 
address read operation would access data from 
address n + 1. Upon receipt of the slave address with 
R/W bit set to one, the 24FC65 issues an acknowledge 
and transmits the eight bit data word. The master will 
not acknowledge the transfer but does generate a 
STOP and the 24FC65 discontinues transmission 
(Figure 4-3). 


5.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24FC65 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
START following the acknowledge. This terminates the 
write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the R/W bit set to a one. The 24FC65 will 
then issue an acknowledge and transmit the eight bit 
data word. The master will not acknowledge the 
transfer but does generate a STOP which causes the 
24FC65 to discontinue transmission (Figure 4-4). 


5.3 Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24FC65 transmits 
the first data byte, the master issues an acknowledge 
as opposed to the STOP used in a random read. This 
acknowledge directs the 24FC65 to transmit the next 
sequentially addressed 8 bit word (Figure 4-5). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will 
generate a STOP. 


To provide sequential reads the 24FC65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


5.4 Contiguous Addressing Across 
Multiple Devices 


The device select bits A2, A1, AO can be used to 
expand the contiguous address space for up to 
512K-bits by adding up to eight 24FC65's on the same 
bus. In this case, software can use AO of the control 
byte as address bit A13, A1 as address bit A14, and A2 
as address bit A15. | 





5.5 Noise Protection 

The SCL and SDA inpuis incorporate Schmitt triggers 
which suppress noise spikes to assure proper device 
operation even on a noisy bus. | 


5.6 High Endurance Block 


The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance (Figure 8-1). This block will be capable 
of 10,000,000 erase/write cycles guaranteed. 






lock is not programmed by 
fault location is the highest 






5.7 Security Options 


The 24FC65 has a sophisticated mechanism for 
write-protecting portions of the array. This write protect 
function is programmable and allows the user to protect 
0-15 contiguous 4K blocks. The user sets the security 
option by sending to the device the starting block num- 
ber for the protected region and the number of blocks 
to be protected. All parts will come from the factory in 
the default configuration with the starting block number 
set to 15 and the number of protected blocks set to 
zero. THE SECURITY OPTION CAN BE SET ONLY 
ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit7) of the first 
address byte set to a 1 (Figure 8-1). Bits 1-4 of the first 
address byte define the starting block number for the 
protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first address 
byte. A byte of don't care bits is then sent by the mas- 
ter, with the device acknowledging afterwards. The 
third byte sent to the device has bit7 (S/HE) set high 
and bit6 (R) set low. Bits 4 and 5 are don't cares and 
bits 0-3 define the number of blocks to be write 
protected. For example, if three blocks are to be 
protected, the third byte would be 10XX0011. After the 
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third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 


During a normal write sequence, if an attempt is made 
to write to a protected address, no data will be written 
and the device will not report an error or abort the 
command. If a write command is attempted across a 
secure boundary, unprotected addresses will be writ- 
ten and protected addresses will not. 


5.8 Security Configuration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this 
option except the READ bit (bit 6) of the configuration 
byte is set to a one. After the configuration byte is sent, 
the device will acknowledge and then send two bytes of 
data to the master just as in a normal read sequence. 
The master must acknowledge the first byte and not 
acknowledge the second, and then send a stop bit to 
end the sequence. The upper four bits of both of these 
bytes will always be read as ‘1's. The lower four bits of 
the first byte contains the starting secure block. The 
lower four bits of the second byte contains the number 
of secure blocks. The default starting secure block is 
fifteen and the default number of secure blocks is zero 
(Figure 8-1). 


6.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the STOP for a write command has 
been issued from the master, the device initiates the 
internally timed write cycle. ACK polling can be initiated 
immediately. This involves the master sending a 
START followed by the control byte for a write 
command (R/W = 0). If the device is still busy with the 
write cycle, then no ACK will be returned. If the cycle is 
complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 6-1 for flow diagram. 


FIGURE 6-1: ACKNOWLEDGE POLLING 
FLOW 
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7.0 PAGE CACHE AND ARRAY 
MAPPING 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus 
rate. Whenever a write command is initiated, the cache 
starts loading and will continue to joad until a stop bit is 
received to start the internal write cycle. The total 
length of the write cycle will depend on how many 
pages are loaded into the cache before the stop bit is 
given. Maximum cycle time for each page is 5 ms. Even 
if a page is only partially loaded, it will still require the 
same cycle time as a full page. If more than 64 bytes of 
data are loaded before the stop bit is given, the address 
pointer will wrap around' to the beginning of cache 
page O and existing bytes in the cache will be 
overwritten. The device will not respond to any 
commands while the write cycle is in progress. 


7.1 Cache Write Starting at a Page 
Boundary 


lf a write command begins at a page boundary 
(address bits A2, A1 and AO are zero), then all data 
loaded into the cache will be written to the array in 
sequential addresses. This includes writing across a 
4K block boundary. In the example shown below, 
(Figure 7-1) a write command is initiated starting at 
byte 0 of page 3 with a fully loaded cache (64 bytes). 
The first byte in the cache is written to byte 0 of page 3 
(of the array), with the remaining pages in the cache 
written to sequential pages in the array. A write cycle is 
executed after each page is written. Since the write 
begins at page 3 and 8 pages are loaded into the 
cache, the last 3 pages of the cache are written to the 
next row in the array. 


7.2 Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A1 and AO 
are not all zero), it is important to note how the data is 
loaded into the cache, and how the data in the cache is 
written to the array. When a write command begins, the 
first byte loaded into the cache is always loaded into 
page 0. The byte within page 0 of the cache where the 
load begins is determined by the three least significant 
address bits (A2, A1, AO) that were sent as part of the 
write command. If the write command does not start at 
byte O of a page and the cache is fully loaded, then the 
last byte(s) loaded into the cache will roll around to 
page 0 of the cache and fill the remaining empty bytes. 
If more than 64 bytes of data are loaded into the cache, 
data already loaded will be overwritten. In the example 
shown in Figure 7-2, a write command has been 
initiated starting at byte 2 of page 3 in the array with a 
fully loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the 
cache will roll over’ and be loaded into the first two 
bytes of page 0O (of the cache). When the stop bit is 
sent, page O of the cache is written to page 3 of the 
array. The remaining pages in the cache are then 
loaded sequentially to the array. A write cycle is 
executed after each page is written. If a partially loaded 
page in the cache remains when the STOP bit Is sent, 
only the bytes that have been loaded will be written to 
the array. 


7.3 Power Management 


The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. This includes 
any error conditions, i.e. not receiving an acknowledge 
or STOP per the two-wire bus specification. The device 
also incorporates VpD monitor circuitry to prevent inad- 
vertent writes (data corruption) during low-voltage con- 
ditions. The Vop monitor circuitry is powered off when 
the device is in standby mode in order to further reduce 
power consumption. 
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FIGURE 7-1: CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 


@) Write command initiated at byte 0 of page 3 in the array; 
First data byte is loaded into the cache byte 0. (2) 64 bytes of data are loaded into cache. 


cache page 0 


cache | cache cache § cache page 1 cache page 2 cache page 7 | 
byte O | byte 1 byte 7 bytes 8-15 bytes 16-23 | bytes 56-63 


(3) Write from cache into array initiated by STOP bit. (4) 
Page 0 of cache written to page 3 of array. Remaining pages in cache are written 
Write cycle is executed after every page is written. to sequential pages in array. 


\ 


[  —spageS 


(8) Last page in cache written to page 2 in next row. 





FIGURE 7-2: CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 


@) Write command initiated; 64 bytes of data (2) Last 2 bytes ‘roll ever’ 
into cache starting at byte 2 of page 0. to beginning. 


cache | cache 2 cache | cache page 1 § cache page 2 cache page 7 
byte 0 | byte 1 | byte 2 byte 7 bytes 8-15 bytes 16-23 bytes 56-63 


Last 2 bytes 

loaded into @) 

page 0 of cache. Write from cache into array initiated by STOP bit. (6) 
Page 0 of cache written to page 3 of array. Remaining bytes in cache 
Write cycle is executed after every page is written. are written sequentially to 


array. 
array rown 


| array row n+1 
—- (6) Last 3 pages in cache written to next row in array. : : 











DS21125D-page 3-310 © 1998 Microchip Technology Inc. 


24FC65 





8.0 PIN DESCRIPTIONS 


8.1 AO, A1, A2 Chip Address Inputs © 


The AO..A2 inputs are used by the 24FC65 for multiple 
device operation and conform to the two-wire bus 
standard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A1, AO) in the control byte 
(Figure 3-2 and Figure 8-1). 


8.2 SDA Serial Address/Data 
Input/Output 


This is a bidirectional pin used to transfer addresses 
and data into and data out of the device. It is an open. 
drain terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 2 KQ, must consider total bus 
capacitance and maximum rise/fall times). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOPs. 


8.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


FIGURE 8-1: CONTROL SEQUENCE BIT ASSIGNMENTS 


CONTROL ADDRESS ADDRESS 
BYTE BYTE 1 BYTE 0 


CONFIGURATION 
BYTE 


A|AIAIR A|AIAIAIA| |A A 
if} fo/3) Sha [sloloKBtARSioi2) Lal-lelelel+l-lo} | [rlx|x/s|e\s[o 
ai eae ae ae S/HE aay 


Slave Device 
Address Select 
Bits 


Security Read 


Block 
Count 


Acknowledge 
from Master 


Acknowledges from Device 


Data from Device Data from Device 


A 
SpE CUCHE MMOGEDEE MUggE 
Starting Block Number of 


Number Blocks to 
Protect 


Acknowledges from Device 


Starting Block 
Number Blocks to 
Protect 


High Endurance Biock Read 


Acknowledges from Device 





High Endurance 
Block Number 


High Endurance 
Block Number 





© 1998 Microchip Technology Inc. DS21125D-page 3-31 


24FC65 








24FC65 Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. ees 


24FC65 - P 





; | | P = Plastic DIP (300 mil Body) 
Package: 
SM = Plastic SOIC (207 mil Body, EIAJ standard) 
0°C to +70°C 
-40°C to +85°C 


Temperature Blank 
Range: I 


24FC65 64K, 1MHz I@C Serial EEPROM 


Device: 
24FC65T 64K, 1MHz I2C Serial EEPROM (Tape & Reel) 


Sales and Supp ort 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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DEVICE SELECTION TABLE PACKAGE TYPE 


an gen 








Part Vcc Max Clock 
Frequency 


24AA128 | 1.8-5.5V 400 kHzt 


24LC128 | 2.5-5.5V 400 kHz* 


1100 kHz for Vcc < 2.5V. : 
+100 kHz for E temperature range. 


NO 
& 
< 
ad 
oh 
N 
to) 


FEATURES 


¢ Low power CMOS technology 

- Maximum write current 3 mA at 5.5V 

- Maximum read current 400 A at 5.5V 

- Standby current 100 nA typical at 5.5V 

2-wire serial interface bus, I@?C compatible 
Cascadable for up to eight devices 

Self-timed ERASE/WRITE cycle 

64-byte page-write mode available 

5 ms max write-cycle time 

Hardware write protect for entire array 

Output slope control to eliminate ground bounce 
Schmitt trigger inputs for noise suppression 
1,000,000 erase/write cycles guaranteed 
Electrostatic discharge protection > 4000V 

Data retention > 200 years 

8-pin PDIP and SOIC (150 and 208 mil) packages 
14-pin TSSOP package 

Temperature ranges: 

- Industrial (I): -40°C to +85°C 

- Automotive (E): -40°C to +125°C 


DESCRIPTION 


The Microchip Technology Inc. 24AA128/24LC128 


(24xx128*) is a 16K x 8 (128K bit) Serial Electrically MEMORY EEPROM 
Erasable PROM, capable of operation across a broad COMTAGE ee ARRAY 


eeeeeee ee ¢ ® @® e® @¢@ @® @® 


voltage range (1.8V to 5.5V). It has been developed for 
advanced, low power applications such as personal 
communications or data acquisition. This device also 
has a page-write capability of up to 64 bytes of data. 
This device is capable of both random and sequential 
reads up to the 128K boundary. Functional address 
lines allow up to eight devices on the same bus, for up 
to 1M bit address space. This device is available in the 
standard 8-pin plastic DIP, 8-pin SOIC (150 and 


208 mil), and 14-pin TSSOP packages. 
RAW CONTROL 


PAGE LATCHES 





I7C is a trademark of Philips Corporation. 
*24xx128 is used in this document as a generic part number for the 24AA128/24LC128 devices. 
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1.0 ELECTRICAL TABLE 1-1 PIN FUNCTION TABLE 


x, 4 erent Cone [ent 
1.1 : _ Maximum Ratings* AO, Al, A2 | User Configurable Chip Selects 
Vss Ground 













Nhat he anh het ce touaies ee ene aetasitee 7.0V 


All inputs and outputs W.1.t. VSS 00... eeeeesseeceeeeeee -0.6V to Vcc +1.0V 

Storage temperature ....... ce eeccecseceeessseeseeeeeeeseseeees -65°C to +150°C Serial Data 

Ambient temp. with power applied..............cscsesssseees -65°C to +125°C Serial Clock 
Soldering temperature of leads (10 SECONAS) ...........cceseceeceees +300°C ; 

ESD protection on alll Pins.......c.cccsssscssessssesssessssessesssssscscsseeesss 24kV Write Protect Input 


*Notice: Stresses above those listed under “Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2 DC CHARACTERISTICS 


All parameters apply across the Industrial (I): Vcc = +1.8V to 5.5V Tamb = -40°C to +85°C 
specified operating ranges, unless | Automotive (E): Vcc=+4.5Vto5.5V Tamb = -40°C to 125°C 
otherwise noted. 

| ___Parameter__——+| Symbol |_Min | Max | Units | Conditions 


AO, A1, A2, SCL, SDA, and WP 
pins: 

High level input voltage 
Low level input voltage 


+1.8 to 5.5V (24AA128) 
+2.5 to 5.5V (24LC128) 





























VIL Vcc > 2.5V 
Vcc < 2.5V 


Vcc > 2.5V (Note) 














Hysteresis of Schmitt Trigger; VHYS 
inputs (SDA, SCL pins) 


Low level output voltage 









loL = 3.0 mA @ Vcc = 4.5V 
loL = 2.1 mA @ Vcc = 2.5V 


SS 
| to | 10 | 10 


1 
ILo 


V 
V 
V 
V 
V 
eputeiagyanet | 
[Output leakage current 
Pin capacitance CIN, COUT pF =| Vcc = §.0V (Note) | 
(all inputs/outputs) Tamb = 25°C, f,= 1 MHz 
eae eel 
Doe oe 





VOL 
Iu 
Gcesinacanen Vcc = 5.5V, SCL = 400 kHz 
senate Veo = 5.5V 


coven fem | - | tm San 


Note: This parameter is periodically sampled and not 100% tested. 


FIGURE 1-1: BUSTIMING DATA 


TSU:STA rn 4 ay 
TLOW THD:DAT 

THD:STA : 

men ZK 

TAA 


550525255555 O5 C5 


0,0, KS LY 


ONO ad Nh eS oN 


REL 


(protected) 
unprotected 
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TABLE 1-3 AC CHARACTERISTICS 


All parameters apply across the spec- | Industrial (I): Vcc = +1.8V to5.5V Tamb = -40°C to +85°C 
ified operating ranges unless other- | Automotive (E): Vcc = +4.5V to 5.5V Tamb = -40°C to 125°C 


wise noted. 





Clock frequency kHz |4.5V <Vcc <5.5V (E Temp range) 
1.8V < Vcc < 2.5V 


2.5V < Vcc < §.5V 


4.5V < Vcc < 5.5V (E Temp range) 
1.8V <Vcc <2.5V 
2.5V < Vcc < 5.5V 


4.5V < Vcc < 5.5V (E Temp range) 
1.8V < Vcc < 2.5V 

2.5V < Vcc < 5.5V 
4.5V < Vcc < 5.5V (E Temp range) 


1.8V < Vcc < 2.5V 
2.5V < Vcc < 5.5V 


SDA and SCL fall time Tt | — | 300] ns |(Note 1) 


START condition hold time THD:STA 4000 4.5V < Vcc < 5.5V (E Temp range) 
4000 1.8V < Vcc <2.5V 
600 2.5V < Vcc < 5.5V 

TSU:STA 4700 4.5V < Vcc < 5.5V (E Temp range) 
4700 | 1.8V <Vcc < 2.5V 
600 2.5V < Vcc < 5.5V 


Data input hold time THD:DAT 


Data input setup time TSU:DAT 250 4.5V < Vcc < 5.5V (E Temp range) 
250 1.8V < Vcc <2.5V 
100 | 2.5V < Vcc < 5.5V 


STOP condition setup time TSU:STO 4000 4.5V < Vcc < 5.5V (E Temp range) 
4000 1.8V < Vcc < 2.5V 
600 2.5V < Vcc < 5.5V 


4.5V < Vcc < 5.5V (E Temp range) 
1.8V < Vcc < 2.5V 
2.5V < Vcc <5.5V 


4.5V < Vcc < 5.5V (E Temp range) 
1.8V < Vcc < 2.5V 
2.5V < Vcc < 5.5V 


3500 4.5V < Vcc < 5.5V (E Temp range) 
3500 1.8V < Vcc < 2.5V 
900 2.5V < Vcc < 5.5V 









Clock high time 









Clock low time TLOW 4700 ns 
4700 
1300 


SDA and SCL rise time 
(Note 1) 





D 


START condition setup time 





z 
,°) 
onal 
r4>) 
i 

















WP setup time TSU:wP 4000 
4000 
600 
WP hold time THD: wP 4700 
4700 
1300 


Output valid from clock 


TAA 
(Note 2) 









TBUF 4700 
4700 
1300 


10 


Bus free time: Time the bus must be 
free before a new transmission can 
start 


Output fall time from ViH 
minimum to ViL maximum 
Input filter spike suppression 
(SDA and SCL pins) 


iM 


25°C, Vcc = 5.0V, Block Mode (Note 4) 
Note 1: Not 100% tested. Cp = total capacitance of one bus line in pF. 


2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise spike 
suppression. This eliminates the need for a T! specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, 
please consult the Total Endurance Model which can be obtained on Microchip’s website. 


4.5V < Vcc < 5.5V (E Temp range) 
1.8V <Vcc <2.5V 

2.5V < Vcc < 5.5V 

TOF Cp < 100 pF (Note 1) 
TSP (Notes 1 and 3) 

wc 





5 
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2.0 PIN DESCRIPTIONS 


2.1 AO, Ai, A2 Chip Address Inputs 


The AO, A1, A2 inputs are used by the 24xx128 for 
multiple device operations. The levels on these inputs 
are compared with the corresponding bits in the slave 
address. The chip is selected if the compare is true. 


Up to eight devices may be connected to the same bus 
by using different chip select bit combinations. If left 
unconnected, these inputs will be pulled down inter- 
nally to VSs. 


2.2 SDA Serial Data 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open- 
drain terminal, therefore, the SDA bus requires a pullup 
resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz) | 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


2.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


2.4 WP 


This pin can be connected to either Vss, Vcc or left 
floating. An internal pull-down resistor on this pin will 
keep the device in the unprotected state if left floating. 
If tied to Vss or left floating, normal memory operation 
is enabled (read/write the entire memory 0000-3FFF). 


If tied to Vcc, WRITE operations are inhibited. Read 
operations are not affected. 


3.0 FUNCTIONAL DESCRIPTION 


The 24xx128 supports a bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as a transmitter, and a device 
receiving data as a receiver. The bus must be con- 
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions while the 24xx128 
works as a slave. Both master and slave can operate 
as a transmitter or receiver, but the master device 
determines which mode is activated. 


4.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


e Data transfer may be initiated only when the bus 
is not busy. ' 

¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 4-1). 


4.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


4.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


4.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must end with a STOP condition. 


4.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one bit of data per 
clock pulse. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


4.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24xx128) will leave the data line HIGH 
to enable the master to generate the STOP condition. 
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FIGURE 4-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


KKK 
0505000005060, 


ADDRESS OR DATA STOP 
CONDITION ACKNOWLEDGE ALLOWED - CONDITION 
VALID TO CHANGE 





FIGURE 4-2: ACKNOWLEDGE TIMING 
Acknowledge 
Bit 
ae 


8 


RSs WS SAKE SY WZ, MC WEES SS ESSE 
. | : Wy Data from transmitte 


SSM ss Sa SS RRA 
Transmitter must release the SDA line at this point | Receiver must release the SDA line at this point 
allowing the Receiver to pull the SDA line low to so the Transmitter can continue sending data. 


acknowledge the previous eight bits of data. 
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5.0 DEVICE ADDRESSING 


A control byte is the first byte received following the 
start condition from the master device (Figure 5-1). The 
control byte consists of a 4-bit control code; for the 
24xx128 this is set as 1010 binary for read and write 
operations. The next three bits of the control byte are 
the chip select bits (A2, A1, AO). The chip select bits 
allow the use of up to eight 24xx128 devices on the 
same bus and are used to select which device is 
accessed. The chip select bits in the control byte must 
correspond to the logic levels on the corresponding A2, 
A1, and AO pins for the device to respond. These bits 
are in effect the three most significant bits of the word 
address. 


The last bit of the control byte defines the operation to 
be performed. When set to a one a read operation is 
selected, and when set to a zero a write operation is 
selected. The next two bytes received define the 
address of the first data byte (Figure 5-2). Because 
only A13...A0 are used, the upper two address bits are 
don’t care bits. The upper address bits are transferred 
first, followed by the less significant bits. 


Following the start condition, the 24xx128 monitors the 
SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri- 
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the R/W bit, the 24xx128 will select a read or 
write operation. 





CONTROL BYTE 





ADDRESS HIGH BYTE 


FIGURE 5-1: CONTROL BYTE FORMAT 
Read/Write Bit 


Chip Select 
Control Code Bits 


BRS 


Slave Address 


Start Bit Acknowledge Bit 


5.1 Contiguous Addressing Across 
Multiple Devices 


The chip select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 1 Mbit by add- 
ing up to eight 24xx128's on the same bus. In this case, 
software can use AO of the control byte as address bit 
A14; A1, as address bit A15; and A2, as address bit 
A16. It is not possible to sequentially read across 





device boundaries. 


FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS 


ADDRESS LOW BYTE 


| 1, |AlAIAL AlAlaAlAlalal |fal. esta 


Lee ee 
CONTROL CHIP 
CODE SELECT 
BITS 





X = Don't Care Bit 
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6.0 WRITE OPERATIONS 
6.1 Byte Write 


Following the start condition from the master, the 
control code (four bits), the chip select (three bits), and 
the R/W bit (which is a logic low) are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that the address high byte will 
follow after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address 
pointer of the 24xx128. The next byte is the least signif- 
icant address byte. After receiving another acknowl- 
edge signal from the 24xx128, the master device will 
transmit the data word to be written into the addressed 
memory location. The 24xx128 acknowledges again 
and the master generates a stop condition. This ini- 
tiates the internal write cycle, and, during this time, the 
24xx128 will not generate acknowledge signals 
(Figure 6-1). If an attempt is made to write to the array 
with the WP pin held high, the device will acknowledge 
the command but no write cycle will occur, no data will 
be written, and the device will immediately accept a 
new command. After a byte write command, the inter- 
nal address counter will point to the address location 
following the one that was just written. 


FIGURE 6-1: BYTE WRITE 


BUS ACTIVITY 
MASTER 


CONTROL 


ADDRESS 
HIGH BYTE 


SDA LINE 


BUS ACTIVITY 


X = don't care bit 


FIGURE 6-2: PAGE WRITE 


ADDRESS 
HIGH BYTE 


BUS ACTIVITY 


CONTROL 
MASTER BYTE 


SDA LINE 


Tm |ADrPaiMH 


jolsfolsa 
A 
Cc 


K 


BUS ACTIVITY 


X = don’t care bit 





6.2 Page Write 


The write control byte, word address, and the first data 
byte are transmitted to the 24xx128 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to 63 additional bytes, 
which are temporarily stored in the on-chip page buffer 
and will be written into memory after the master has 
transmitted a stop condition. After receipt of each word, 
the six lower address pointer bits are internally 
incremented by one. If the master should transmit more 
than 64 bytes prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received, an inter- 
nal write cycle will begin (Figure 6-2). If an attempt is 
made to write to the array with the WP pin held high, the 
device will acknowledge the command but no write 
cycle will occur, no data will be written, and the device 
will immediately accept a new command. 


6.3 Write Protection 


The WP pin allows the user to write-protect the entire 
array (0000-3FFF) when the pin is tied to VCc. If tied to 
Vss or left floating, the write protection is disabled. The 
WP pin is sampled at the STOP bit for every write 
command (Figure 1-1) Toggling the WP pin after the 
STOP bit will have no effect on the execution of the 
write cycle. 


ADDRESS 
LOW BYTE 





ADDRESS 
LOW BYTE 


Oe id eae ac gn 
A A A 


DATA BYTE 0 DATA BYTE 63 
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7.0 ACKNOWLEDGE POLLING FIGURE 7-1: ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write a 


cycle, this can be used to determine when the cycle is 
complete (This feature can be used to maximize bus 
throughput.) Once the stop condition for a write com- a 
mand has been issued from the master, the device ini- _ Send 

tiates the internally timed write cycle. ACK polling can Write Command 

be initiated immediately. This involves the master : 
sending a start condition, followed by the control byte a ) 
for a write command (R/W = 0). If the device is still busy | Send Stop 
with the write cycle, then no ACK will be returned. If no _ Condition to 
ACK is returned, then the start bit and control byte must Initiate Write Cycle 
be resent. If the cycle is complete, then the device will 
return the ACK, and the master can then proceed with 


the next read or write command. See Figure 7-1 for Send Start 
flow diagram. 


Send Control Byte 
with R/W = 0 


Did Devicé 


Acknowledge 
(ACK = 0)? 
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8.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
control byte is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


8.1 Current Address Read 


The 24xx128 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous read 
access was to address n (nis any legal address), the 
next current address read operation would access data 
from address n + 1. 


Upon receipt of the control byte with R/W bit set to one, 
the 24xx128 issues an acknowledge and transmits the 
8-bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24xx128 discontinues transmission (Figure 8-1). 


FIGURE 8-1: CURRENT ADDRESS READ 


S 
T 
A 
R 
T 


FIGURE 8-2: 


BUS ACTIVITY 
MASTER CONTROL 
R BYTE 


RANDOM READ 


ADDRESS 
HIGH BYTE 


SDA LINE 
BUS ACTIVITY 
X = Don’t Care Bit 


FIGURE 8-3: SEQUENTIAL READ 


BUS ACTIVITY 
MASTER 7 DWAR 
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8.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24xx128 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi- 
nates the write operation, but not before the internal 
address pointer is set. Then, the master issues the 
control byte again but with the R/W bit set to a one. The 
24xx128 will then issue an acknowledge and transmit 
the 8-bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24xx128 to discontinue transmission 
(Figure 8-2). After a random read command, the inter- 
nal address counter will point to the address location 
following the one that was just read. 


8.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24xx128 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24xx128 to transmit the 
next sequentially addressed 8-bit word (Figure 8-3). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will gen- 
erate a stop condition. To provide sequential reads, the 
24xx128 contains an internal address pointer which is 
incremented by one at the completion of each opera- 
tion. This address pointer allows the entire memory 
contents to be serially read during one operation. The 
internal address pointer will automatically roll over from 
address 3FFF to address 0000 if the master acknowl- 
edges the byte received from the array address 3FFF. 


ADDRESS 
LOW BYTE 
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24xx128 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 





24xx128 — ——/P 
Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (208 mil Body, EIAJ standard), 8-lead 


Plastic SOIC (150 mil Body), 8-lead 
TSSOP, 14-lead 


-40°C to +85°C 
-40°C to +125°C 


Package: 


Temperature 
Range: 


24AA128 = 128K bit 1.8V I?C Serial EEPROM 

24AA128T 128K bit 1.8V I?C Serial EEPROM (Tape and Reel) 
24LC128 128K bit 2.5V I?C Serial EEPROM 

24LC128T 128K bit 2.5V I°C Serial EEPROM (Tape and Reel) 


Device: 


Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 
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256K °C. CMOS Serial EEPROM 








DEVICE SELECTION TABLE PACKAGE TYPE 















Max Clock 
Frequency 


24AA256 | 1.8:5.5V | 400kKHzt | I 
| 2auc256 | 25-5.5V | 400kHz* | LE 


400 kHz for Voc < 2.5V. 
+ 100 kHz for E temperature range. 
FEATURES 


e Low power CMOS technology 

- Maximum write current 3 mA at 5.5V 

- Maximum read current 400 LA at 5.5V 

- Standby current 100 nA typical at 5.5V 
2-wire serial interface bus, I?C compatible 
Cascadable for up to eight devices 
Self-timed ERASE/WRITE cycle 

64-byte page-write mode available 

5 ms max write-cycle time 

Hardware write protect for entire array 
Schmitt trigger inputs for noise suppression 
100,000 erase/write cycles guaranteed 
Electrostatic discharge protection > 4000V 
Data retention > 200 years 

8-pin PDIP and SOIC (208 mil) packages 


Temperature ranges: | bene EEPROM 
ARRAY 
- Industrial (1): -40°C to +85°C 


- Automotive (E): -40°C to +125°C 


DESCRIPTION 


The Microchip Technology Inc. 24AA256/24LC256 
(24xx256") is a 32K x 8 (256K bit) Serial Electrically 
Erasable PROM, capable of operation across a broad 
voltage range (1.8V to 5.5V). It has been developed for 
advanced, low power applications such as personal SENSE AMP 
communications or data acquisition. This device also R/W CONTROL 
has a page-write capability of up to 64 bytes of data. 
This device is capable of both random and sequential 
reads up to the 256K boundary. Functional address 
lines allow up to eight devices on the same bus, for up 
to 2 Mbit address space. This device is available in the 
standard 8-pin plastic DIP, and 8-pin SOIC (208 mil) 
packages. 


Vcc 
Range 




















I7C is a trademark of Philips Corporation. 
*24xx256 is used in this document as a generic part number for the 24AA256/24LC256 devices. 
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1.0 ELECTRICAL TABLE 1-1 PIN FUNCTION TABLE 
CHARACTERISTICS | 
Pe a ae Function re: 
1.1. Maximum Ratings* AO, A1, A2 | User Configurable Chip Selects 
MGS res. seszictl ners ce evescesncceaste tans teacealausauane tactieste sh ectecteas cette 7.0V Ground 
All inputs and outputs w.r.t. VSS ....... eeeeeeeeeeeeee -0.6V to Vcc +1.0V : 
Storage teMpPerature .0....... ee cescscseecssessecsseesteceteeeeetens -65°C to +150°C Serial Data 
Ambient temp. with power applied.................scseesees -65°C to +125°C Serial Clock 
Soldering temperature of leads (10 seconds) .............eeeeeeeeeee +300°C ; 
ESD protection on all pins o....cccccssscsscssssssssssesesssesesssseccssssssssesssssees 2>4kV Write Protect Input 
“Notice: Stresses above those listed under “Maximum Ratings” may +1.8 to 5.5V (24AA256) 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions +2.5 to 5.5V (24LC256) 


above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2 DC CHARACTERISTICS 


All parameters apply across the 
specified operating ranges unless 
otherwise noted. 


[Parameter | Symbot [win | Max | Unite | __Condiione 


AO, Al, A2, 

SCL, SDA, and WP pins: 
High level input voltage 

Low level input voltage 













Industrial (I): Vcc = +1.8V to5.5V  Tamb =-40°C to +85°C 
Automotive (E): Voc =+4.5Vto5.5V  Tamb =-40°C to 125°C 



















Vcc > 2.5V 
Vcc < 2.5V 
Vcc 2 2.5V (Note) 
















Hysteresis of Schmitt Trigger 


inputs (SDA, SCL pins) 
Low level output voltage loL = 3.0 mA @ Vcc = 4.5V 
loL = 2.1 mA @ Vcc = 2.5V 


VOL 
VIN = VSS or VCC, WP = Vcc 
[Outputleakage current sss || Soko || S10 || 10S || WA [VouT=VssorVec 
(all inputs/outputs) Tamb = 25°C, f= 1 MHz 
Operating current | Iccwrite | — | 3 | mA_|Vcc=5.5V 


| Icc Read | _ _|Mcc = 5.5V, SCL = 400 kHz 


Standby current SCL = SDA = Vcc = 5.5V 


AO, A1, A2, WP = Vss 
Note: This parameter is periodically sampled and not 100% tested. 












































FIGURE 1-1: BUSTIMING DATA 


THIGH 


TSU:STA rr 4 
THD:DAT 


TLOW 


TTHD:STA 
ie fo! 


COO OO OOOO, 
©, 0,0, ©, 00,0, 0,0, 0, 
SSS S SS 


TAA 


r : 
unprotected 
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TABLE 1-3 AC CHARACTERISTICS 













All parameters apply across the spec- 
ified operating ranges unless other- 
wise noted. 


Industrial (I): Vcc =+1.8Vto5.5V Tamb = -40°C to +85°C 
Automotive (E): Vcc =+4.5Vto5.5V Tamb = -40°C to 125°C 







Parameter 











FCLK 


Clock frequency 


4.5V < Vcc < 5.5V (E Temp range) 
1.8V < Voc <2.5V 





S38 
ooo 
x 
ze 
N 


2.5V < Vcc < 5.5V 

Clock high time THIGH 4000 _ ns 4.5V < Vcc < 5.5V (E Temp range) 
4000 —_ 1.8V < Vcc <2.5V 
600 — 2.5V < Vcc < 5.5V 


4.5V < Vcc < 5.5V (E Temp range) 
1.8V < Vcc < 2.5V 





2.5V < Vcc < 5.5V 


4.5V < Vcc < 5.5V (E Temp range) 
1.8V < Vcc <2.5V 
2.5V < Vcc < 5.5V 


(Note 1) 


Clock low time TLOW 4700 
4700 
1300 

4.5V < Vcc < 5.5V (E Temp range) 

1.8V < Vcc <2.5V 


SDA and SCL rise time 
THD:STA 4000 
4000 

600 2.5V < Vcc < 5.5V 
TSU:STA 4700 4.5V < Vcc < 5.5V (E Temp range) 

4700 1.8V < Vcc <2.5V 

600 2.5V < Vcc < 5.5V 

Data input hold time THD:DAT | — | ns | (Note 2) 

Data input setup time TSU:DAT 250 4.5V < Vcc < 5.5V (E Temp range) 

250 1.8V < Vcc <2.5V 

100 2.5V < Vcc < 5.5V 
TSU:STO 4000 4.5V < Vcc s 5.5V (E Temp range) 

4000 1.8V < Vcc < 2.5V 

600 2.5V < Vcc < 5.5V 
WP setup time TSU:WP 4000 4.5V < Vcc < 5.5V (E Temp range) 

4000 1.8V < Vcc <2.5V 

| 600 

WP hold time THD:wP 4700 4.5V < Vcc < 5.5V (E Temp range) 
4700 1.8V < Vcc <2.5V 
1300 2.5V < Vcc < 5.5V 


2.5V < Vcc < 5.5V 

Output valid from clock TAA 4.5V < Vcc < 5.5V (E Temp range) 
1.8V < Vcc <2.5V 
2.5V < Vcc < 5.5V 


(Note 2) 

TBUF 4700 4.5V < Vcc < 5.5V (E Temp range) 
1.8V < Vcc <2.5V 
2.5V < Vcc < 5.5V 


Cg < 100 pF (Note 1) 


(Notes 1 and 3) 


25°C, Vcc = 5.0V, Block Mode (Note 4) 







(Note 1) 


SDA and SCL fall time 


START condition hold time 









+ 
aD 
—, oA 
820 
S86 
oo 


+ 
n 









START condition setup time 





STOP condition setup time 





Bus free time: Time the bus must be 
free before a new transmission can 





start 

Output fall time from VIH 

minimum to Vit maximum 

Input filter spike suppression 

(SDA and SCL pins) 

Write cycle time (byte or page) T 


Note 1: Not 100% tested. Cp = total capacitance of one bus line in pF. 
2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHyYs specifications are due to new Schmitt trigger inputs which provide improved noise spike 
suppression. This eliminates the need for a Tl specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, 
please consult the Total Endurance Model which can be obtained on our website. 


—_ 
oO 
o 
oO 


TOF 
TSP 
wc 
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2.0 PIN DESCRIPTIONS 


2.1 AO, A1, A2 Chip Address Inputs 


The AO, A1, A2 inputs are used by the 24xx256 for 
multiple device operation. The levels on these inputs 
are compared with the corresponding bits in the slave 
address. The chip is selected if the compare is true. 


Up to eight devices may be connected to the same bus 
by using different chip select bit combinations. If left 
unconnected, these inputs will be pulled down 
internally to Vss. 


2.2 SDA Serial Data 


This is a bi-directional pin used to transfer addresses 
and data into and data out of the device. It is an open- 
drain terminal, therefore, the SDA bus requires a pull- 
up resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for 
400 kHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are 
reserved for indicating the START and STOP condi- 
tions. 


2.3 SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


2.4 WP 


This pin can be connected to either Vss, Vcc or left 
floating. An internal pull-down on this pin will keep the 
device in the unprotected state if left floating. If tied to 
Vss or left floating, normal memory operation is 
enabled (read/write the entire memory 0000-7FFF). 


If tied to Vcc, WRITE operations are inhibited. Read 
operations are not affected. 


3.0 FUNCTIONAL DESCRIPTION 


The 24xx256 supports a bi-directional 2-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as a transmitter, and a device 
receiving data as a receiver. The bus must be con- 
trolled by a master device which generates the serial 
clock (SCL), controls the bus access, and generates 
the START and STOP conditions while the 24xx256 
works as a slave. Both master and slave can operate 
as a transmitter or receiver, but the master device 
determines which mode is activated. 


4.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 4-1). 


4.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


4.2 Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


4.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must end with a STOP condition. 


4.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one bit of data per 
clock pulse. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 


4.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 





A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. Dur- 
ing reads, a master must signal an end of data to the 
slave by NOT generating an acknowledge bit on the 
last byte that has been clocked out of the slave. In this 
case, the slave (24xx256) will leave the data line HIGH 
to enable the master to generate the STOP condition. 
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FIGURE 4-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


START ADDRESS OR DATA STOP 
CONDITION ACKNOWLEDGE ALLOWED CONDITION 
VALID TO CHANGE 





FIGURE 4-2: ACKNOWLEDGE TIMING 
Acknowledge 
Bit 


Transmitter must release the SDA line at this point | | Receiver must release the SDA line at this point 
allowing the Receiver to pull the SDA line low to so the Transmitter can continue sending data. 
acknowledge the previous eight bits of data. 
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5.0 DEVICE ADDRESSING 


A control byte is the first byte received following the 
start condition from the master device (Figure 5-1). The 
control byte consists of a 4-bit control code; for the 
24xx256 this is set as 1010 binary for read and write 
operations. The next three bits of the control byte are 
the chip select bits (A2, A1, AO). The chip select bits 
allow the use of up to eight 24xx256 devices on the 
same bus and are used to select which device is 
accessed. The chip select bits in the control byte must 
correspond to the logic levels on the corresponding A2, 
A1, and AO pins for the device to respond. These bits 
are in effect the three most significant bits of the word 
address. 


The last bit of the control byte defines the operation to 
be performed. When set to a one a read operation is 
selected, and when set to a zero a write operation is 
selected. The next two bytes received define the 
address of the first data byte (Figure 5-2). Because 
only A14...A0 are used, the upper address bit is a don’t 
care bit. The upper address bits are transferred first, 
followed by the less significant bits. 


Following the start condition, the 24xx256 monitors the 
SDA bus checking the control byte being transmitted. 
Upon receiving a 1010 code and appropriate device 
select bits, the slave device outputs an acknowledge 


signal on the SDA line. Depending on the state of © 


the R/W bit, the 24xx256 will select a read or write 
operation. 


’ FIGURE 5-1: © 





CONTROL BYTE FORMAT | 
Read/Write Bit 


Chip Select 
Control Code | Bits 


esfs [0] +] 0] a2 | as | a0 [ann] 
Slave Address 


Start Bit — Acknowledge Bit 


5.1 Contiguous Addressin ee 
Multiple Devices 


The chip select bits A2, A1, AO can be used to expand 
the contiguous address space for up to 2 Mbit 
by adding up to eight 24xx256's on the same bus. In 
this case, software can use AO of the control byte as 
address bit A15; A1, as address bit A16; and A2, as 
address bit A17. It is not possible to read or write 
across device boundaries. 





FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS 


CONTROL BYTE 


CONTROL 
CODE 


ADDRESS HIGH BYTE 


ADDRESS LOW BYTE 


X = Don’t Care Bit 
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6.0 WRITE OPERATIONS 
6.1 Byte Write 


Following the start condition from the master, the 
control code (four bits), the chip select (three bits), and 
the R/W bit (which is a logic low) are clocked onto the 
bus by the master transmitter. This indicates to the 
addressed slave receiver that the address high byte will 
follow after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address 
pointer of the 24xx256. The next byte is the least signif- 
icant address byte. After receiving another acknowl- 
edge signal from the 24xx256, the master device will 
transmit the data word to be written into the addressed 
memory location. The 24xx256 acknowledges again 
and the master generates a stop condition. This ini- 
tiates the internal write cycle, and, during this time, the 
24xx256 will not generate acknowledge signals 
(Figure 6-1). If an attempt is made to write to the array 
with the WP pin held high, the device will acknowledge 
the command but no write cycle will occur, no data will 
be written, and the device will immediately accept a 
new command. After a byte write command, the inter- 
nal address counter will point to the address location 
following the one that was just written. 


FIGURE 6-1: BYTE WRITE 


BUS ACTIVITY 
MASTER CONTROL ADDRESS 
BYTE HIGH BYTE 


SDA LINE 


BUS ACTIVITY 


X = don't care bit 


FIGURE 6-2: PAGE WRITE 


S 


ane ACTIVITY Cc ce Na ADDRESS 
MASTER Pia cheesy BYTE 


6.2 Page Write 


The write control byte, word address, and the first data 
byte are transmitted to the 24xx256 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to 63 additional bytes, 
which are temporarily stored in the on-chip page buffer 
and will be written into memory after the master has 
transmitted a stop condition. After receipt of each word, 
the six lower address pointer bits are internally incre- 
mented by one. If the master should transmit more than 
64 bytes prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As. with the byte write 
operation, once the stop condition is received, an inter- 
nal write cycle will begin (Figure 6-2). If an attempt is 
made to write to the array with the WP pin held high, the 
device will acknowledge the command but no write 
cycle will occur, no data will be written, and the device 
will immediately accept a new command subject to 
TBUF. 


6.3 Write Protection 


The WP pin allows the user to write-protect the entire 
array (0000-7FFF) when the pin is tied to VCc. If tied to 
Vss or left floating, the write protection is disabled. The 
WP pin is sampled at the STOP bit for every write com- 
mand (Figure 1-1) Toggling the WP pin after the STOP 
bit will have no effect on the execution of the write 
cycle. 


ADDRESS 
LOW BYTE 





ADDRESS 
Pris eae BYTE 


Bada ian BYTE 0 bias Gann BYTE 63 


BUS ACTIVITY 
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7.0 ACKNOWLEDGE POLLING FIGURE 7-1: . ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write FLOW 


cycle, this can be used to determine when the cycle is 

complete (This feature can be used to maximize bus Send 
throughput.) Once the stop condition for a write com- | — Write Command 

mand has been issued from the master, the device ini- | 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master Send Stop 
sending a start condition, followed by the control byte Hisreab vata a , 
for a write command (R/W = 0). If the device is still busy Ssh AL eid ed 
with the write cycle, then no ACK will be returned. If no 
ACK is returned, then the start bit and control byte must : 

be resent. If the cycle is complete, then the device will Send Start 
return the ACK, and the master can then proceed with 
the next read or write command. See Figure 7-1 for 


flow diagram. Send Control Byte. 


with R/W = 0 


Did Device 
Acknowledge 
(ACK = 0)? 


YES 


Next 
Operation 
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8.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
control byte is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


8.1 Current Address Read 


The 24xx256 contains an address counter that 
maintains the address of the last word accessed, inter- 
nally incremented by one. Therefore, if the previous 
read access was to address n (n is any legal address), 
the next current address read operation would access 
data from address n + 1. 


Upon receipt of the control byte with R/W bit set to one, 
the 24xx256 issues an acknowledge and transmits the 
8-bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24xx256 discontinues transmission (Figure 8-1). 


FIGURE 8-1: CURRENT ADDRESS READ 


S 


= 
BUS ACTIVITY 

A CONTROL DATA 
MASTER R BYTE BYTE 


A\AIA 
A 


FIGURE 8-2: RANDOM READ 


BUS ACTIVITY S$ 


MASTER A CONTROL ADDRESS 
R BYTE HIGH BYTE 





LOW BYTE 
Go 


8.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24xx256 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This 
terminates the write operation, but not before the inter- 
nal address pointer is set. Then, the master issues the 
control byte again but with the R/W bit set to a one. The 
24xx256 will then issue an acknowledge and transmit 
the 8-bit data word. The master will not acknowledge 
the transfer but does generate a stop condition which 
causes the 24xx256 to discontinue transmission 
(Figure 8-2). After a random read command, the 
internal address counter will point to the address 
location following the one that was just read. 


8.3 Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24xx256 transmits 
the first data byte, the master issues an acknowledge 
as opposed to the stop condition used in a random 
read. This acknowledge directs the 24xx256 to transmit 
the next sequentially addressed 8-bit word (Figure 8- 
3). Following the final byte transmitted to the master, 
the master will NOT generate an acknowledge but will 
generate a stop condition. To provide sequential reads, 
the 24xx256 contains an internal address pointer which 
is incremented by one at the completion of each 
operation. This address pointer allows the entire 
memory contents to be serially read during one 
operation. The internal address pointer will automati- 
cally roll over from address 7FFF to address 0000 if the 
master acknowledges the byte received from the array 
address 7FFF. 
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24xx256 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


24xx256 — /P 


— Package: 


Temperature 
Range: E 


24AA256 
24AA256T 
24LC256 
24LC256T 


Device: 


Sales and Support 
Data Sheets 


Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (208 mil Body, EIAJ standard), 8-lead 


-40°C to +85°C 
-40°C to -125°C 


256K bit 1.8V I2C Serial EEPROM 
256K bit 1.8V IC Serial EEPROM (Tape and Reel) 
256K bit 2.5V I?C Serial EEPROM 
256K bit 2.5V I2C Serial EEPROM (Tape and Reel) 





Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 


3. The Microchip Worldwide Web Site (www.microchip.com) 
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SECTION 4 
MICROWIRE® SERIAL EEPROM 
PRODUCT SPECIFICATIONS 
93AA46 1K 1.8V Microwire® Serial EEPROM ..........cccccccecscscsceccscscesescscesesesecceseesceacsceaceaees 4-1 
93LC46A 1K 2.5V Microwire® Serial EEPROM ........ccccccccccesescesececcecececcscsescsessecssceucsecseaeeess 4-11 
93LC46B 1K 2.5V Microwire® Serial EEPROM ........cccccccccccceccccececcscececcacsescsescesesceucaeeaeaeeass 4-11 
93C46B 1K 5.0V Microwire® Serial EEPROM ........ccccccccccceccccecececececccecesesesececceceesaeeseceacers 4-19 
93AA56 2K 1.8V Microwire® Serial EEPROM ..........ccccccccccccescccessscscscesesescssesceseeceseeeeseeeeass 4-1 
93LC56A 2K 2.5V Microwire® Serial EEPROM .......c..cccccccccccsssecescscescscscscececseeccecescaceaceeeaees 4-27 
93LC56B 2K 2.5V Microwire® Serial EEPROM ..........ccccccccescesceccssecceccasessasscsceccesseeeseeaeeeees 4-27 
93C56A 2K 5.0V Automotive Temperature Microwire® Serial EEPROM ............ececceeeeee 4-35 
93C56B 2K 5.0V Automotive Temperature Microwire® Serial EEPROM ..........cecececeeeeee. 4-35 
93LCS56 2K 2.5V Microwire® Serial EEPROM with Software Write Protect .............c060. 4-43 
93AA66 AK 1.8V Microwire® Serial EEPROM .......c..ccccccccccccescscscescscscseeseseserecceceacueaeereeeeass 4-1 
93LC66A AK 2.5V Microwire® Serial EEPROM .......cccccccccesccsscescscscscsescecesesssseeceeesceceacaceceaes 4-55 
93LC66B AK 2.5V Microwire® Serial EEPROM .........c:cccccscccoccececcscececceccecscecseeccesseceseeaceceess 4-55 
93CE66A 4K 5.0V Automotive Temperature Microwire® Serial EEPROM ........c.ccccscseseeee 4-63 
93C66B 4K 5.0V Automotive Temperature Microwire® Serial EEPROM ..........cccceseseee 4-63 
93LCS66 4K 2.5V Microwire® Serial EEPROM with Software Write Protect .........:..cc000.- 4-43 
93AA76 8K 1.8V Microwire® Serial EEPROM ..........ccccccccccccsssscecscesescscsceseceesccsscececesceseeees 4-71 
93LC76 8K 2.5V Microwire® Serial EEPROM .......c..ccccccccscccsccscscscecescscecececseecceceececsacereeees 4-81 
93C76 8K 5.0V Microwire® Serial EEPROM .........cccccceccccescsceccececcecececcsescscacceceaccesacanees 4-91 
93AA86 16K 1.8V Microwire® Serial EEPROM ......cccccccccccccssssecescecscececcsescseceaccscsecaeeceeeeees 4-71 
93LC86 16K 2.5V Microwire® Serial EEPROM ........ccccccccscscececececcscscscscsescseceacecescaceacececees 4-81 
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MICROCHIP 


93AA46/56/66 





1K/2K/4K 1.8V Microwire® Serial EEPROM 





FEATURES 


¢ Single suppiy with programming operation down 
to 1.8V 
e Low power CMOS technology 
- 701A typical active READ current at 1.8V 
- 2uA typical standby current at 1.8V 
e ORG pin selectable memory configuration 
- 128 x 8- or 64 x 16-bit organization (93AA46) 


- 256 x 8- or 128 x 16-bit organization 
(93AA56) 


- 512 x 8 or 256 x 16 bit organization (93AA66) 


¢ Self-timed ERASE and WRITE cycles 
(including auto-erase) 


e Automatic ERAL before WRAL 
e Power on/off data protection circuitry 
e Industry standard 3-wire serial I/O 


Device status signal during ERASE/WRITE 
cycles 


Sequential READ function 
1,000,000 E/W cycles guaranteed 
¢ Data retention > 200 years 


¢ 8-pin PDIP/SOIC 
(SOIC in JEDEC and EIAJ standards) 


¢ Temperature ranges supported 


- Commercial (C): 0°C to +70°C 
- Industrial (I): -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 93AA46/56/66 are 1K, 
2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as x8 or x16 
bits depending on the ORG pin setup. Advanced 
CMOS technology makes these devices ideal for low 
power non-volatile memory applications. The 93AA 
Series is available in standard 8-pin DIP and surface 
mount SOIC packages. The rotated pin-out 93AA46X/ 
56X/66X are offered in the “SN” package only. 


Microwire is a registered trademark of National Semiconductor Incorporated. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: | PINFUNCTION TABLE 
1.1. Maximum Ratings 

VOC sesssseene uataias saith cata 7.0V | Chip Select 

All inputs and outputs w.r.t. VSS .......... -0.6V to Vcc +1.0V | Serial Data Clock 
Storage temperature ........csccceceeeeeeees -65°C to +150°C _| Serial Data Input 
Ambient temp. with power applied ........... -65°C to +125°C Serial Data Output 
Soldering temperature of leads (10 seconds)........ +300°C Ground 

ESD protection On all Pins ..............cccsescecesessreeeeessees 4kV Memory Configuration 
*Notice: Stresses above those listed under “Maximum ratings” Not Utilized 

may cause permanent damage to the device. This is a stress rat- 

ing only and functional operation of the device at those or any Power Supply 





other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS 
Vcc = +1.8V to +5.5V Commercial (C): Tamb = 0°C to +70°C 


industrial (Il): Tamb = -40°C to +85°C 
[Min | Typ | Max | 















Conditions 



















































High level input voltage | Vint | 20 | — | Vece! | V ([Vcc>27V 

PWin2 [O7Vvec[  — | voor [| V_‘([Vco<27~VS—S—~S 
eae ee ee ee 
Pp wu2 [03 [= aves | vec <2 
Lear mgm Oe = eC 
p vo2 | — | — | 02 | V_ |lo=100,A;Voc=iav | 
Epi p cal m E  eeeee 
voo02[ — | — | V_|lOH=-100pA;Voc=18V___ 
P= | 10 | pA [VIN=O.1Vtoveo 
fo [| = [| 10 | HA [Vour=0.1VtoVes 

Pin capacitance CIN, COUT 7 pF Vin/VouT = OV (Note 1 & 2) 
fatinpuioupusy fn | | || tama vas ue 
Operating current p= 3 | mA __[ Fotk=2 MHz; Voc=5.5V (Note 2) | 

Icc read —_ 1 mA FCLK = 2 MHz; Vcc = 5.5V 

yA FCLK = 1 MHz; Vcc = 3.0V 

a FCLK = 1 MHz; Vcc = 1.8V 







100 CLK = CS = OV; Vcc = 5.5V 
CLK = CS = OV; Vcc = 3.0V 
CLK = CS = OV; Vcc = 1.8V 


ORG, DI =Vss or Vcc — 


MHz Vcc 2 4.5V / 
Vcc < 4.5V 


Iccs 








Standby current 


Clock frequency 


Clock high time 









' 
fo) 
on 
fo) 
io) 


250 


=|a}a}a) om 
g/gigi8| 2 
Pi DlAls A 













p250__ eet eee EEE 
een [ns _[RelativetoCLK 
oO [fs _[RelativetoCIK 
O50 fe ee I ed 
Dau fom opine Po toe a oo ee 
[Data inputholdtime | Tow | foo | | —~+| + ——-ns_—‘(RelativetoCLK——S—* 
Data output delaytime | Teo | |_| 400 | ns |CL=100pF SSC~*™ 
[Data output disable time | Toz | || 100 | ns |CL=100pF (Note) ——*s 
[Status validtime «(| tev [| +i| -+i| 500. | ms (CL=100pF_ 
Program cycle time p—two [Sd Sd 10 | ms—=*([ERASEMWRITE mode 
| Tec | | 8 | 18 | ms |ERAL mode (Vec=5V= 10%) _| 
[two —«d| 16 [30 [ms ___ | WRAL mode (Veo = 5V = 10%) _| 
Endurance 1M | 25°C, Vcc = 5.0V, Block Mode 
ee ee 
Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 


2: This parameter is periodically sampled and not 100% tested. 
3: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 
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TABLE 1-3: INSTRUCTION SET FOR 93AA46: ORG = 1 (X 16 ORGANIZATION) 


instruction [ 88 | Opeode | __ Adress _——=«|—CDatain | OataGut 
11X XX X i 


AS A4 A3 A2 At AO 


ie ean a a 
a I = 
ee ae 
oer eee apes 
eee, a Z 





Req. CLK Cycles 






























A5 A4 A3 A2 A1 AO Di5-DO | (RDY/BSY) | 


0 1X XK X X D15 - DO 


OOXXXX | -— | 


[ABABA ASAZATAO | (OVIBSY) 


NG AS A4 AS AZ AT AC 
0 0X X X XK X High-Z 



























t 1X XXX XK X 


00 
(ERASE | __1 | _11___| _XABASA4ASAZATAO_ 
femAL | + | Od OXXXXXX | 
WRITE [__1__[ 01___| XK A6AS AA ASAZATAO 
te Oe in OK 


[00 XX XXX 









[ 11~—~—S«| «XX AZ AB AS A4 AB AZ AT AO / TROVIBSY) 
“|. 0 | *10XxXXXXXXX (RDY/BSY) 


X A7 A6 A5 A4 A3 A2 Al AO D7 - DO BSY 
00 


OTXXXX XXX | b7-D0_| (ROVER 
[00 XK KKK KX i 








Es 100k a eS ae 
[tt [AT ABASAGASAZATAO_[___— _| _(RDVIBSY)_ 
00 OK KX [Rv 

[01 | ATABASAGASAZATAO | _D15-D0_| _ (RDVIBSY)_| 
00 XXX XXX | DIS-DO 
oS ook ed 










Instruction 








8 
™ 
J 


EWEN 
ERASE 
ERAL 
WRITE 
WRAL 
EWDS 


P_D7-D0 | 
High-Z 
(RDY/BSY) 
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2.0 FUNCTIONAL DESCRIPTION 


When the ORG pin is connected to Vcc, the (x16) orga- 
nization is selected. When it is connected to ground, 
the (x8) organization is selected. Instructions, 
addresses and write data are clocked into the DI pin on 
the rising edge of the clock (CLK). The DO pin is nor- 
mally held in a high-Z state except when reading data 
from the device, or when checking the READY/BUSY 
status during a programming operation. The ready/ 
busy status can be verified during an Erase/Write oper- 
ation by polling the DO pin; DO low indicates that pro- 
gramming is still in progress, while DO high indicates 
the device is ready. The DO will enter the high-Z state 
on the falling edge of the CS. 


2.1 START Condition 


The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 


2.2 Di/DO 





It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict” to occur during the “dummy zero” 
that precedes the READ operation, if AO is a logic 
HIGH level. Under such a condition the voltage level 
seen at Data Out is undefined and will depend upon the 
relative impedances of Data Out and the signal source 
driving AO. The higher the current sourcing capability 
of AO, the higher the voltage at the Data Out pin. 


2.3 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 1.4V at nominal conditions. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during nor- 
mal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 


2.4 READ 





The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit 
(x8 organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable 
after the specified time delay (TPD). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output 
sequentially. 


2.5 Erase/Write Enable and Disable 
EWEN,EWDS 


The 93AA46/56/66 power up in the Erase/Write Dis- 
able (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruc- 
tion. Once the EWEN instruction is executed, program- 
ming remains enabled until an EWDS instruction is 
executed or VCC is removed from the device. To pro- 
tect against accidental data disturb, the EWDS instruc- 
tion can be used to disable all Erase/Write functions 
and should follow all programming operations. Execu- 
tion of a READ instruction is independent of both the 
EWEN and EWDS instructions. 


2.6 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical “O” indicates that program- 
ming is still in progress. DO at logical “1” indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 





The ERASE cycle takes 4 ms per word typical. 
2.7 WRITE 


The WRITE instruction is followed by 16 bits (or by 8 
bits) of data which are written into the specified 
address. After the last data bit is put on the DI pin, CS 
must be brought low before the next rising edge of the 
CLK clock. This falling edge of CS initiates the self- 
timed auto-erase and programming cycle. 





The DO pin indicates the READY/BUSY status of the 


device if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. DO at logical “O” indicates that programming is 
still in progress. DO at logical “1” indicates that the reg- 
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 


The WRITE cycle takes 4 ms per word typical. 


7 ‘ . = + 
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2.8 Erase All (ERAL) 


The ERAL instruction will erase the entire memory 
array to the logical “1” state. The ERAL cycle is identi- 
cal to the ERASE cycle except for the different opcode. 
The ERAL cycle is completely self-timed and com- 
mences at the falling edge of the CS. Clocking of the 
CLK pin is not necessary after the device has entered 
the self clocking mode. The ERAL instruction is guar- 
anteed at 5V + 10%. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. 


FIGURE 2-1: SYNCHRONOUS DATATIMING 


Tri-State is a registered trademark of National Semiconductor Incorporated. 


© 1998 Microchip Technology Inc. 


The ERAL cycle takes (8 ms typical). 
2.9 Write All (WRAL) 


The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
at the falling edge of the CS. Clocking of the CLK pin 
is not necessary after the device has entered the self 
clocking mode. The WRAL command does include an 
automatic ERAL cycle for the device. Therefore, the 
WRAL instruction does not require an ERAL instruction 
but the chip must be in the EWEN status. The WRAL 
instruction is guaranteed at 5V + 10%. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


The WRAL cycle takes 16 ms typical. 


STATUS VALID 
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FIGURE 2-3: EWENTIMING 





FIGURE 2-4: EWDS TIMING 





FIGURE 2-5: WRITE TIMING 


TRI-STATE 
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FIGURE 2-6: WRALTIMING 


Tcst STANDBY 


cs 





TRI-STATE TRI-STATE 





Guaranteed at Vcc = +4.5V to +6.0V. 


FIGURE 2-7: ERASE TIMING 


STANDBY 


— 
TSV Ce 


TRI-STATE TRI-STATE 


BUSY 7 READY 
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FIGURE 2-8: ERAL TIMING 


CHECK STATUS STANDBY 


Tsv 


: | TRI-STATE 
a ae nL a RT RET BUSY READY ~“k-—____— 


Tez 





e Guaranteed at Vcc = 5.0V +10%. 
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3.0 PIN DESCRIPTION 
3.1 Chip Select (CS 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, 
the device will go into standby mode as soon as the 
programming cycle is completed. 


CS must be LOW for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


3.2 Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93AAXX. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin- 
ued anytime with respect to clock HIGH time (TCKh) 
and clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 


CLK is a “Don't Care” if CS is LOW (device deselected). 
if CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc- 
tion set truth table). CLK and DI then become don't care 
inputs waiting for a new start condition to be detected. 





3.3 Data In (DI 


Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


3.4 Data Out (DO) 


Data Out is used in the READ mode to output data syn- 
chronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought HIGH after being LOW for minimum chip select 
LOW time (TCSL) and an ERASE or WRITE operation 
has been initiated. 


The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE 
cycle. In all other cases DO is in the HIGH-Z mode. If 
status is checked after the WRITE/ERASE cycle, a 
pull-up resistor on DO is required to read the READY 
signal. 


3.5 Organization (ORG) 


When ORG is connected to Vcc, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. ORG can only be 
floated for clock speeds of 1MHz or less for the (x16) 
memory organization. For clock speeds greater than 1 
MHz, ORG must be tied to Vcc or Vss. 
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NOTES: 
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93AA46/56/66 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


93AA46/56/66_ - 
P 


SN 
SM 


Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 
Plastic SOIC (207 mil Body), 8-lead 
(93AA46/56/66) 


Package: 


Temperature Blank = 0°C to +70°C 
Range: 


93AA46/56/66 Microwire Serial EEPROM 


93AA46/56/66X Microwire Serial EEPROM in alternate 
pinouts (SN package only) 


93AA46T/56T/66T  Microwire Serial EEPROM (Tape and Reel) 
93AA46XT/56XT/66XT  Microwire Serial EEPROM (Tape and Reel) 


Devic 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip Worldwide Web Site (www.microchip.com) 
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MicROCHIP | 93 LC46A/ B 


1K 2.5V Microwire® Serial EEPROM 








FEATURES | BLOCK DIAGRAM 


Single supply with operation down to 2.5V 
Low power CMOS technology 

- 1 mA active current (typical) 

- 1 pA standby current (maximum) 

128 x 8 bit organization (93LC46A) 

64 x 16 bit organization (93LC46B) 
Self-timed ERASE and WRITE cycles 
(including auto-erase) 

Automatic ERAL before WRAL 

Power on/off data protection circuitry 
Industry standard 3-wire serial interface 
Device status signal during ERASE/WRITE 
cycles 

Sequential READ function 

1,000,000 E/W cycles guaranteed 
Data retention > 200 years 

8-pin PDIP/SOIC and 8-pin TSSOP packages 
Available for the following temperature ranges: DESCRIPTION 


- Commercial (C): OC 10 470°C The Microchip Technology Inc. 983LC46AX/BX are 1K- 

- Industrial (1): BONG 10 BSC bit, low voltage serial Electrically Erasable PROMs. 
The device memory is configured as x8 (93LC46A) or 
x16 bits (93LC46B). Advanced CMOS technology 
makes these devices ideal for low power nonvolatile 
memory applications. The 93LC46AX/BX is available 
in standard 8-pin DIP, 8-pin surface mount SOIC, and 
TSSOP packages. The 93LC46AX/BX are offered only 
ina 150-mil SOIC package. 





PACKAGE TYPE 
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Microwire is a registered trademark of Nationa! Semiconductor Incorporated. 
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1.0 ELECTRICAL ~ TABLE 1-1 PIN FUNCTION TABLE 
“ . CHARACTERISTICS 
1.1 Maximum Ratings* — Chip Select 
| : eee Serial Data Clock 
ope aa een EN nC PTT Tee 7.0V e 
All inputs and outputs W.r.t. VSS ............--- -0.6V to Vec +1.0V Serial Data Input 
Storage temperature .........ccecsessseseseeseseeeesens -65°C to +150°C a _| Serial Data Output 
Ambient temp. with power applied................. -65°C to +125°C Ground 
Soldering temperature of leads (10 seconds)............. +300°C 
ESD protection on alll Pins......c.ccssescssssssssssssssssesssesseesese w4AKV No Connect 


“Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


Power Supply 


TABLE 1-2 Dc AND AC ELECTRICAL CHARACTERISTICS 


All parameters apply over the specified | Commercial (C): VCC = +2.5V to +6.0V Tamb = 0°C to +70°C 
operating ranges unless otherwise Industrial (1): VCC = +2.5V to +6.0V Tamb = -40°C to +85°C 


noted 
Parameter | Symbot_| win | _Max_| units __| ___Concitions 
vet =| 20 | Vec+t | 2.7V < VCC < 6.0V (Note 2) 
ViH2 Vcc < 2.7V 
vit =| 03 | 8 Vcc > 2.7V (Note 2) 
Vec < 2.7V 


lol = 2.1 mA; Vcc = 4.5V 

. lol =100 pA; Vec = Vee Min. 
OH = -400 pA; Vcc = 4.5V 
IOH = -100 1A; Vcc = Vec Min. 
VIN = Vss to Vcc 

VouT = VSss to Vec 


ViN/VOUT = 0 V (Notes 1 & 2) 
Tamb = +25°C, FCLK = 1 MHz 




























High level input voltage 


Low level input voltage 
ViIL2 


| 


Low level output voltage 






VOL2 


VOH1 


ie) 
zn 
|. 


High level output voitage 


Input leakage current 
Output leakage current 


Pin capacitance 
(all inputs/outputs) 


Cin, CouT 


-10 


Operating current FCLK = 2 MHz; Vcc = 6.0V 
FCLK = 1 MHz; Vcc = 3.0V 


CS = Vss; DI! = VSs 


Vcc > 4.5V 


[Giockhighime ——=—=~=~“‘~*‘“dtCT | OP CSC—~SCSCS 
[otockiowtine ——SS~*~idtCt =| ts] Pe SSCS 
ees e 


pF 
mA 
mA 
Icc read 
pA 
pA 






Data input setup time 
Data input hold time 






Data output disable time Tez ee eee Ct = 100 pF (Note 2) 
Status valid time CL = 100 pF 


| 00 

| 500 | ns 

| 6 | ms ERASEMWRITEmode 
| 6 | ms ERAL mode 
a cee ee eee 
bs ead 


Program cycle time TEC 


Endurance 


Note 1: This parameter is tested at Tamb = 25°C and Felk = 1 MHz. 
’ 2: This parameter is periodically sampled and not 100% tested. 
3: This application is not tested but guaranteed by characterization. For endurance estimates in a specific application, please consult the Total 
Endurance Model which may be obtained on our website. 







WRAL mode 
25°C, Vcc = 5.0V, Block Mode (Note 3) 
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2.0 PIN DESCRIPTION 
2.1 Chip Select (CS 


A high level selects the device; a low level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already in progress will be 
completed, regardiess of the Chip Select (CS) input 
signal. If CS is brought low during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be low for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is low, the internal con- 
trol logic is held in a RESET status. 


2.2 Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93LC46AX/ 
BX. Opcodes, address, and data bits are clocked in on 
the positive edge of CLK. Data bits are also clocked out 
on the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at high or low level) and can be continued 
anytime with respect to clock high time (TCKH) and 
clock low time (TCKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 


CLK is a “Don't Care” if CS is low (device deselected). 
If CS is high, but the START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for a START condition). 


TABLE 2-1 


ERASE 


ERAL 













1 


EWEN 


WRITE 1 01 





TABLE 2-2 












ERASE 


ewe 
ERAL 
Ree 


1 


EWDS 1 


READ | 1 | 
WRITE 
WRAL 





INSTRUCTION SET FOR 93LC46A 





Pitas AS AAAS AD AT AD] — i 
OE SC oe a 0 
ews [1 | [oo x x x x x| — | HGHZ E 
cad | 1 [| 10 [As AS As AG AZ AT Ao] — 

es OST 
wal [+ | Jo 1 x x x x x] 07-00 | (movesy | 78 


A 
A 


INSTRUCTION SET FOR 93LC46B 


A5 A4 AS A2 Al 0 





| Data in_| 

woe 
ee 
[0 ae 

Ewen [1 [wo [a ix x x x[ — 
[0 


A 
0 X X X 
0 X X X 
1 X X X 
[a5 Ad as _m@_AT_AD| _— | _16-Do_| 


Z 
Z 

25 
A5 A4 AS A2 Al AO 25 
2 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detection of a START condition the specified 
number of clock cycles (respectively low to high transi- 
tions of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (Table 2-1 
and Table 2-2). CLK and DI then become don't care 
inputs waiting for a new START condition to be 
detected. 


2.3 Data In (DI 


Data In (DI) is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


2.4 Data Out (DO) 


Data Out (DO) is used in the READ mode to output 
data synchronously with the CLK input (TPD after the 
positive edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought high after being low for minimum chip select 
low time (TCSL) and an ERASE or WRITE operation 
has been initiated. 


The status signal is not available on DO, if CS is held 
low during the entire ERASE or WRITE cycle. tn this 
case, DO is in the HIGH-Z mode. If status is checked 
after the ERASE/WRITE cycle, the data line will be high 
to indicate the device is ready. 














(RDY/BSY) 


(RDY/BSY) 


HIGH 


~ D7- DO 


a] oa 
co} © 





Req. CLK Cycles 








| HIGH 
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3.0 FUNCTIONAL DESCRIPTION 


Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (CLK). The DO 
pin is normally held in a HIGH-Z state except when 
reading data from the device, or when checking the 
READY/BUSY status during a programming operation. 
The READY/BUSY status can be verified during an 
ERASE/WRITE operation by polling the DO pin; DO 
low indicates that programming is still in progress, 
while DO high indicates the device is ready. The DO 
will enter the HIGH-Z state on the falling edge of the 
CS. 


3.1 START Condition 


The START bit is detected by the device if CS and DI 
are both high with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (ERASE, ERAL, EWDS, EWEN, READ, WRITE, 
and WRAL). As soon as CS is high, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcodes, 
addresses, and data bits for any particular instruction is 
clocked in. 


FIGURE 3-1: SYNCHRONOUS DATA TIMING 


| Tcss | TCKH | TCKL | 


VIL 


VIH 
DI 


VIL 


DO VOH 
(READ) yo 


TSV 
DO VOH | 


(PROGRAM), 
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After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new START condition is 
detected. 


3.2 Data In (Dl) and Data Out (DO) 


It is possible to connect the Data In (DI) and Data Out 
(DO) pins together. However, with this configuration, if 
AO is a logic-high level, it is possible for a “bus conflict” 
to occur during the “dummy zero” that precedes the 
READ operation. Under such a condition the voltage 
level seen at DO is undefined and will depend upon the 
relative impedances of DO and the signal source driv- 
ing AO. The higher the current sourcing capability of AO, 
the higher the voltage at the DO pin. 


3.3 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
2.2V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 2.2V at nominal conditions. 


The ERASE/WRITE Disable (EWDS) and ERASE/ 
WRITE Enable (EWDS) commands give additional 
protection against accidentally programming during 
normal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 


Tez 


STATUS VALID | 


Note: AC Test Conditions: Vi = 0.4V, VIH = 2.4V 
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3.4 ERASE 3.5 Erase All (ERAL) 

The ERASE instruction forces all data bits of the spec- The Erase All (ERAL) instruction will erase the entire 
ified address to the logical “1” state. CS is brought low memory array to the logical “1” state. The ERAL cycle 
following the loading of the last address bit. This falling is identical to the ERASE cycle, except for the different 
edge of the CS pin initiates the self-timed programming opcode. The ERAL cycle is completely self-timed and 
cycle. commences at the falling edge of the CS. Clocking of 
The DO pin indicates the READY/BUSY status of the the CLK pin is not necessary after the device has 
device if CS is brought high after a minimum of 250 ns entered the ERAL cycle. 

low (TcCSL). DO at logical “O” indicates that program- The DO pin indicates the READY/BUSY status of the 
ming is still in progress. DO at logical “1” indicates that device, if CS is brought high after a minimum of 250 ns 
the register at the specified address has been erased low (TCSL) and before the entire ERAL cycle is com- 
and the device is ready for another instruction. plete. 


FIGURE 3-2: ERASE TIMING 


ey AERC COC OO 


CK STATUS 
Tez 
HIGH-Z y 


_O —— BUSY READY 


CHECK STATUS 
Tez 
SY 


Test 
RH one 
bs 
Tsv 
U 





FIGURE 3-3: ERAL TIMING 


Guaranteed at Vcc = 4.5V to +6.0V. 





Oo 
= 
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3.6 ERASE/WRITE. Disable and Enable 
(EWDS/EWEN) 


The 93LC46A/B powers up in the ERASE/WRITE Dis- 
able (EWDS) state. All programming modes must be 
preceded by an ERASE/WRITE Enable (EWEN) 
instruction. Once the EWEN instruction is executed, 
programming remains enabled until an EWDS instruc- 
tion is executed or Vcc is removed from the device. To 
protect against accidental data disturbance, the EWDS 
instruction can be used to disable all ERASE/WRITE 
functions and should follow all programming opera- 
tions. Execution of a READ instruction is independent 
of both the EWEN and EWDS instructions. 


FIGURE 3-4: EWDS TIMING 


3.7 READ 





The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 8-bit (93LC46A) or 16-bit 
(93LC46B) output string. The output data bits will tog- 
gle on the rising edge of the CLK and are stable after 
the specified time delay (TPD). Sequential read is pos- 
sible when CS is held high. The memory data will auto- 
matically cycle to the next register and output 
sequentially. 





FIGURE 3-6: READ TIMING 
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3.8 WRITE 





The WRITE instruction is followed by 8 bits (93LC46A) 
or 16 bits (93LC46B) of data which are written into the 
specified address. After the last data bit is put on the DI 
pin, the falling edge of CS initiates the self-timed auto- 
erase and programming cycle. 


The DO pin indicates the READY/BUSY status of the 
device, if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. DO at logical “O” indicates that programming is 
stil! in progress. DO at logical! “1” indicates that the reg- 
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 


FIGURE 3-7: WRITE TIMING 


ae a i 


3.9 Write All (WRAL) 


The Write All (WRAL) instruction will write the entire 
memory array with the data specified in the command. 
The WRAL cycle is completely self-timed and com- 
mences at the falling edge of the CS. Clocking of the 
CLK pin is not necessary after the device has entered 
the WRAL cycle. The WRAL command does include an 
automatic ERAL cycle for the device. Therefore, the 
WRAL instruction does not require an ERAL instruction 
but the chip must be in the EWEN status. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


\ 0/1 Xam XnX a0 XX X00} 


HIGH-Z 


-———---} 


FIGURE 3-8: WRAL TIMING 





Guaranteed at Vcc = 4.5V to +6.0V. 
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93LC46A/B PRODUCT IDENTIFICATION SYSTEM 








93LC46A/B — IP p 
; SN 


kage: 
Package SM 


















93LC46A 
93LC46AT 


93LC46AX 
93LC46AXT 


Pec: 93LC46B 


93LC46BT 
93LC46BX 


93LC46BXT 


Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


= Plastic DIP (300 mil Body), 8-lead 


= TSSOP, 8-lead 


Temperature Blank = 
' |Range: I = 







Plastic SOIC (150 mil Body), 8-lead 
Plastic SOIC (208 mil Body), 8-lead 


0°C to +70°C 
-40°C to +85°C 


1K Microwire Serial EEPROM (x8) 

1K Microwire Serial EEPROM (x8) 

Tape and Reel 

1K Microwire Serial EEPROM (x8) 

in alternate pinout (SN only) 

1K Microwire Serial EEPROM (x8) 

in alternate pinout, Tape and Reel (SN only) 
1K Microwire Serial EEPROM (x16) 

1K Microwire Serial EEPROM (x16) 

Tape and Reel 

1K Microwire Serial EEPROM (x16) 

in alternate pinout (SN only) 

1K Microwire Serial EEPROM (x16) 

in alternate pinout, Tape and Reel (SN only) 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 


3. The Microchip Worldwide Web Site (www.microchip.com) 
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1K 5.0V Microwire® Serial EEPROM 





FEATURES BLOCK DIAGRAM 


6 


Singie supply 5.0V operation 

Low power CMOS technology 

- 1 mA active current (typical) 

- 1 pA standby current (maximum) 

64 x 16 bit organization 

Self-timed ERASE and WRITE cycles (including 
auto-erase) 





MEMORY 
DECODE 
LOGIC 


GENERATOR 
DESCRIPTION 
The Microchip Technology Inc. 93C46B is a 1K-bit, 


serial Electrically Erasable PROM. The 


device memory is configured as 64 x 16 bits. Advanced 
CMOS technology makes this device ideal for 


nonvolatile memory applications. The 


93C46B is available in standard 8-pin DIP, surface 
mount SOIC, and TSSOP packages. The 93C46BX are 


ina 150 mil SOIC package. 


e Automatic ERAL before WRAL DATA 
¢ Power on/off data protection circuitry 
¢ Industry standard 3-wire serial interface a 
¢ Device status signal during ERASE/WRITE 
cycles 
¢ Sequential READ function 
¢ 1,000,000 E/W cycles guaranteed 
¢ Data retention > 200 years 
¢ 8-pin PDIP/SOIC and 8-pin TSSOP packages 
e Available for the following temperature ranges: 
- Commercial (C): O°C to +70°C 
- Industrial (1): -40°C to +85°C 
- Automotive (E): -40°C to +125°C 
low-voltage 
low-power, 
only offered 
PACKAGE TYPE 





XE9P7DF6 


Microwire is a registered trademark of National Semiconductor Incorporated. 
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1.0 ELECTRICAL TABLE 1-1 PIN FUNCTION TABLE 
CHARACTERISTICS 

4.1 Maximum Ratings* oe Chip Select 

MOC apecestcient atti iad: G seeder aeeua tees caer easel 7.0V : Serial Data Clock 

All inputs and outputs w.rt. VSS ou... -0.6V to Vcc +1.0V Serial Data Input 

Storage teMperature ...........ccsesecsseeeeeeeesees +65°C to +150°C 

Ambient temp. with power applied................. -65°C to +125°C elle Pala Oulu 

Soldering temperature of leads (10 seconds)..............+300°C Ground 

ESD protection On alll Pins..........ccessessceeeeesenssetseeeetenes 4kV No Connect 





Power Supply 


functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2 DC AND AC ELECTRICAL CHARACTERISTICS 


All parameters apply over the |Commercial (C) Vcc=+4.5Vto+5.5V Tamb= 0°C to +70°C 
specified operating ranges Industrial (I) Vcc = +4.5V to +5.5V Tamb = -40°C to +85°C 
unless otherwise noted Automotive (E) Vcc=+4.5V to +5.5V Tamb = -40°C to +125°C 


High level input voltage | VI | 




















= 


Low level input voltage [Vi 
Low evel output votage | Vor 
High level output votage | Vow [24 | — 

inputleekage current | | 10 | 40 | WA _[VN=Vss 0 Voc 


VIH 

VIL 

VOL 

VOH 

Iu 
came pol — [7 | Rebvanterlag 

es Cc 

Operating current ‘| eowrte | — | 18 | mA 
Cloxcrightime | Tox | 250 | — | 
Chip select setuptime | Tess | 50 | — 
eae ee 
ed 
ed 


— 





Relative to CLK 
Relative to CLK | 


|Chip select hold time 
-|Chip select low time 250 


Data input setup time 100 
Data input hold time 100 fo 


Relative to CLK 
Relative to CLK 


Data output delay time 400 {CL = 100 pF 
Data output disable time | 100 | CL = 100 pF (Note 2) 


Status valid time te sne Ct = 100 pF 
ERASE/WRITE mode 


| 2 | ms 
Program cycle time | | 6 | ms | ERAL mode 
| 15 


ms 
WRAL mode 
Endurance SiS || — | cycles [25°C, voc = 80, Block Mode (Note 8) 


Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 
2: This parameter is periodically sampled and not 100% tested. 
3: This application is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which may be obtained on our website. 
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2.0 PIN DESCRIPTION 
2.1 Chip Select (CS) 


A high level selects the device; a low level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already in progress will be 
completed, regardless of the Chip Select (CS) input 
signal. If CS is brought low during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be low for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is low, the internal con- 
trol logic is held in a RESET status. 


2.2 Serial Clock (CLK) 


The Serial Clock (CLK) is used to synchronize the com- 
munication between a master device and the 93C46B. 
Opcodes, addresses, and data bits are clocked in on 
the positive edge of CLK. Data bits are also clocked out 
on the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at high or low level) and can be continued 
anytime with respect to clock high time (TCKH) and 
clock low time (TCKL). This gives the controlling master 
freedom in preparing the opcode, address, and data. 


CLK is a “Don't Care” if CS is low (device deselected). 
If CS is high, but START condition has not been 
detected, any number of clock cycles can be received 
by the device, without changing its status (i.e., waiting 
for a START condition). 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


TABLE 2-1 


Instruction 


$8 | 
P_ ERASE | 7 
mie 


ERAL 1 


INSTRUCTION SET FOR 93C46B 


After detecting a START condition, the specified num- 
ber of clock cycles (respectively low to high transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcodes, addresses, 
and data bits before an instruction is executed 
(Table 2-1). CLK and DI then become don't care inputs 
waiting for a new START condition to be detected. 





2.3 Data In (DI 


Data In (Dl) is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


2.4 Data Out (DQ) 


Data Out (DO) is used in the READ mode to output 
data synchronously with the CLK input (TPD after the 
positive edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought high after being low for minimum chip select 
low time (TCSL) and an ERASE or WRITE operation 
has been initiated. 


The status signal is not available on DO, if CS is held 
low during the entire ERASE or WRITE cycle. In this 
case, DO is in the HIGH-Z mode. If status is checked 
after the ERASE/WRITE cycle, the data line will be high 
to indicate the device is ready. 


1 
EWDS 
1 
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3.0 FUNCTIONAL DESCRIPTION 


Instructions, addresses and write data are clocked into 
the DI pin on the rising edge of the clock (CLK). The DO 
pin is normally held in a HIGH-Z state except when 
reading data from the device, or when checking the 
READY/BUSY status during a programming operation. 
The READY/BUSY status can be verified during an 
ERASE/WRITE operation by polling the DO pin; DO 
low indicates that programming is still in progress, 
while DO high indicates the device is ready. The DO 
will enter the HIGH-Z state on the falling edge of the 
CS. 


3.1 START Condition 


The START bit is detected by the device if CS and DI 
are both high with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (ERASE, ERAL, EWDS, EWEN, READ, WRITE, 
and WRAL). As soon as CS is high, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcodes, 
addresses, and data bits for any particular instruction is 
clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new START condition is 
detected. 


FIGURE 3-1: SYNCHRONOUS DATA TIMING 


Tess | TCKH | TCKL | 


DO VOH 


(READ) Veil: 


Tsv ~~ 
DO VOH 


(PROGRAM) 
VOL 


3.2 Data In (Dl) and Data Out (DO) 


It is possible to connect the Data In (Di)and Data Out 
(DO) pins together. However, with this configuration, if 
AO is a logic-high level, it is possible for a “bus conflict” 
to occur during the “dummy zero” that precedes the 
READ operation. Under such a condition, the voltage 
level seen at DO is undefined and will depend upon the 
relative impedances of DO and the signal source driv- 
ing AO. The higher the current sourcing capability of AO, 
the higher the voltage at the DO pin. 


3.3 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
3.8V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 3.8V at nominal conditions. 


The ERASE/SRITE Disable (EWDS) and ERASE/ 
WRITE Enable (EWEN) commands give additional 
protection against accidental programming during nor- 
mal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 


STATUS VALID 


Note: AC test conditions: ViL = 0.4V, VIH = 2.4V 
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3.4 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. This cycle begins 
on the rising clock edge of the last address bit. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical “O” indicates that program- 
ming is still in progress. DO at logical “1” indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 


FIGURE 3-2: ERASE TIMING 


ee EE CY Crd 





FIGURE 3-3: ERALTIMING 





3.5 Erase All (ERAL) 


The Erase All (ERAL) instruction will erase the entire 
memory array to the logical “1” state. The ERAL cycle 
is identical to the ERASE cycle, except for the different 
opcode. The ERAL cycle is completely self-timed and 
commences at the rising clock edge of the last address 
bit. Clocking of the CLK pin is not necessary after the 
device has entered the ERAL cycle. 


The DO pin indicates the READY/BUSY status of the 
device, if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire ERAL cycle is 
complete. 





TCSL 


R CHECK STATUS 


TSV 


BUSY 


CHECK STATUS 





© 1998 Microchip Technology Inc. 


DS21172E-page 4-23 


= 
i?) 
— 
0. 
= 
io ow 
—@ 
Om 





93C46B 





3.6 ERASE/WRITE Disable and Enable 
(EWDS/EWEN) 


The device powers up in the ERASE/WRITE Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data disturbance, the EWDS instruction can 
be used to disable all ERASE/WRITE functions and 
should follow all programming operations. Execution of 
a READ instruction is independent of both the EWDS 
and EWEN instructions. 


FIGURE 3-4: EWDSTIMING 


3.7 READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16-bit output string. The output 
data bits will toggle on the rising edge of the CLK and 
are stable after the specified time delay (TPD). Sequen- 
tial read is possible when CS is held high. The memory 
data will automatically cycle to the next register and 
output sequentially. 





FIGURE 3-5: EWENTIMING 





FIGURE 3-6: READTIMING 
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3.8 WRITE 





The WRITE instruction is followed by 16 bits of data, 
which are written into the specified address. After the 
last data bit is clocked into the Di pin, the self-timed 
auto-erase and programming cycle begins. 


The DO pin indicates the READY/BUSY status of the 
device, if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. DO at logical “O” indicates that programming is 
still in progress. DO at logica! “1” indicates that the reg- 
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 


FIGURE 3-7: WRITE TIMING 





a Sos 
(aA 


HIGH-Z 


DO mama | 


FIGURE 3-8: WRALTIMIN 


3.9 Write All (WRAL) 


The Write All (WRAL) instruction will write the entire 
memory array with the data specified in the command. 
The WRAL cycle is completely self-timed and com- 
mences at the rising clock edge of the last data bit. 
Clocking of the CLK pin is not necessary after the 
device has entered the WRAL cycle. The WRAL com- 
mand does include an automatic ERAL cycle for the 
device. Therefore, the WRAL instruction does not 
require an ERAL instruction, but the chip must be in the 
EWEN status. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


Tsv 


BUSY READY 


$$ $$» 
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93C46B PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. . 









93C46B — 







P = Plastic DIP (300 mil Body), 8-lead 

. SN = Plastic SOIC (150 mil Body), 8-lead 

Package: SM = Plastic SOIC (208 mil Body), 8-lead 
ST = TSSOP, 8-lead 










0°C to +70°C 
-40°C to +85°C 
-40°C to +125°C 


Tempera- Blank 
ture I 
Range: E 













1K Microwire Serial EEPROM 
1K Microwire Serial EEPROM Tape and Reel 

1K Microwire Serial EEPROM in alternate pinout 
(SN only) 

93C46BXT = 1K Microwire Serial EEPROM in alternate pinout, 
Tape and Reel (SN only) 


93C46B 
93C46BT 
93C46BX 






Device: 








Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 93 LC56A/B 


2K 2.5V Microwire® Serial EEPROM 








FEATURES BLOCK DIAGRAM 
¢ Single supply with operation down to 2.5V 
e Low power CMOS technology MEMORY 


- 1mA active current (typical) 

- 1A standby current (maximum) 
e 256 x 8 bit organization (93LC56A) 
* 128 x 16 bit organization (93LC56B) 
Self-timed ERASE and WRITE cycles 
(including auto-erase) 





e Automatic ERAL before WRAL 
¢ Power on/off data protection circuitry 
e Industry standard 3-wire serial interface 
e Device status signal during ERASE/WRITE 
cycles 
e Sequential READ function 
¢ 1,000,000 E/W cycles guaranteed 
e Data retention > 200 years 
¢ 8-pin PDIP/SOIC and 8-pin TSSOP packages 
¢ Available for the following temperature ranges: DESCRIPTION 
- Commercial (C): o°C to +70°C The Microchip Technology Inc. 93LC56A/B are 2K-bit, 
- Industrial (1): “40°C to +85°C low-voltage serial Electrically Erasable PROMs. The 
device memory is configured as x8 (93LC56A) or 
x16 bits (93LC56B). Advanced CMOS technology 
makes these devices ideal for low power nonvolatile 
memory applications. The 93LC56A/B is available in 
standard 8-pin DIP, surface mount SOIC, and TSSOP 
packages. The 93LC56AX/BX are only offered in a 
150-mil SOIC package. 
PACKAGE TYPE 













G/V9SD 1E6 





g/V9SD 186 





XE/V9OSDTIE6 ( 






Microwire is a registered trademark of National Semiconductor. 
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1.0 ELECTRICAL TABLE 1-1 PIN FUNCTION TABLE 





CHARACTERISTICS [Name [Fnetion 
1.1 Maximum Ratings* - | Chip Select 
Serial Data Clock 
VGC nas cieeecenes sa duuhaiueccees Sebaaensesneuctacetysasanauanineesivaeceel: 7.0V . 
All inputs and outputs W.l-t. VSS ...ccssceeeeene -0.6V to Vec +1.0V Serial Data Input 
Storage temperature oo... cccccssesesesseeeeessseees -65°C to +150°C Serial Data Output 
Ambient temp. with power applied................. -65°C to +125°C Ground 
Soldering temperature of leads (10 seconds) ............. +300°C 
ESD protection on alll PinS.....c.ccccssescssssescsssssstesssesseseeens 4kV No Connect 
*Notice: Stresses above those listed under “Maximum ratings” may Power Supply 


cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2 DC AND AC ELECTRICAL CHARACTERISTICS 


All parameters apply over the specified | Commercial (C): Vcc =+2.5Vto+6.0V Tamb= 0°C to +70°C 
operating ranges unless otherwise | Industrial (I): Vcc = +2.5V to+6.0V Tamb = -40°C to +85°C 


noted 
[Parameter —_—_—_—«|Symbot_| win | Max 


2.7V < Veo < 6.0V (Note 2) 
lo. = 2.1 mA; Voc = 4.5V 
Low level output voltage 
lot =100 yA; Vcc = Vec Min. 



































High level input voltage 








Low level input voltage 


IL2 
| = (OH = 400 nA Voo = 45V 
High level output voltage : 
Vec-0.2 | — | loH = -100 pA; Vee = Vee Min. 

: 
1.5 


A 
F 


LL 
Pin capacitance ViIN/VOUT = 0 V (Notes 1 & 2) 
(all inputs/outputs) p Tamb = +25°C, Felk = 1 MHz | 
Operating current _ 


icc write 


’ 


Standby current Iccs 


Clock frequency 


Clock high time 
Clock low time 
Chip select setup time 
Chip select hold time 
Chip select low time 
Data input setup time 100 
Data input hold time 100 


m FCLK = 2 MHz; Vcc = 6.0V 
FCLK = 1 MHz; Vcc = 3.0V 


m [| 
pA CS = Vss; D! = Vss | 


c 


MHz Vcc > 4.5V 
MHz Vcc < 4.5V 
Relative to CLK 







Relative to CLK 
Relative to CLK 
Relative to CLK 


Data output delay time 400 Cl = 100 pF 
Data output disable time 100 Ci = 100 pF (Note 2) 


Status valid time 


cycles 25°C, Vcc = 5.0V, Block Mode (Note 3) 


— 
m 
ie) 


Program cycle time 


Endurance 


Note 1: This parameter is tested at Tamb = 25°C and FCLk = 1 MHz. 
: This parameter is periodically sampled and not 100% tested. 
3: This application is not tested but guaranteed by characterization. For endurance estimates in a specific application, please consult the Total 
Endurance Model which may be obtained on our website. 


TWL 


Z\a\alz 
Oo N | O 
= % 
= 
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2.0 PIN DESCRIPTION 
2.1 Chip Select (CS) 


A high level selects the device; a low level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already in progress will be 
completed, regardless of the Chip Select (CS) input 
signal. If CS is brought low during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be low for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is low, the internal con- 
trol logic is held in a RESET status. 


2.2 Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93LC56A/B. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at high or low level) and can be continued 
anytime with respect to clock high time (TCKH) and 
clock low time (TCKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 


CLK is a “Don't Care” if CS is low (device deselected). 
lf CS is high, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 


TABLE 2-1 











_EWDS | 1 | 
cay 


EWEN 1 


a 
oe 
es 
READ | 1 | 10 
fee) 






WRITE | 1 





TABLE 2-2 














1 
1 
0 


INSTRUCTION SET FOR 93LC56A 


[instruction | SB |Opcode| Address =| Datan | Data Out | Req. CLK Cycles _ 
Perase [1 | 11 [Xx Ar AG AS At AD AZ AT_AO] — | (ROVBSY) | 2 | 


1 0 XxX X XK X 
0 O X X XK X 
1 14 % X X XK X 
X 


X A7 AB AS A4 ABS A2 A1 AO! D7-DO | (RDY/BSY) PF 20 
0 1X X X X X xX XI! D7-DO | (RDY/BSY) P20 


INSTRUCTION SET FOR 93LC56B 


[S0| opcode] Address —_—_—_—*([ Batain | Data Out_| Rea. CLK Cycle 


xX XxX 
X XxX 





ERASE | Khe A Aas AM AO] — | OWES) | 
cio xx x XX | | ROWASY 

1 X X 

X X 


AG AS Ad AS AQ At Di5-DO | (RDY/BSY) 
o16-b0 | (Rov) | a7 +d 


AO 
xXx xX X xX 

5 a ee a ee 

READ 0 [X_ Ab AS At AS_A@_AT_AD| =| o16-b0| ar 

Xx XxX X xX 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detection of a START condition the specified 
number of clock cycles (respectively low to high transi- 
tions of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (Table 2-1 
and Table 2-2). CLK and DI! then become don't care 
inputs waiting for a new START condition to be 
detected. 


2.3 Data In (DI 


Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


2.4 Data Out (DO) 


Data Out is used in the READ mode to output data syn- 
chronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought high after being low for minimum chip select 
low time (TCSL) and an ERASE or WRITE operation 
has been initiated. 


The status signal is not available on DO, if CS is held 
low during the entire ERASE or WRITE cycle. In this 
case, DO is in the HIGH-Z mode. If status is checked 
after the ERASE/WRITE cycle, the data line will be high 
to indicate the device is ready. 









C= [roves 
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3.0 FUNCTIONAL DESCRIPTION 


Instructions, addresses and write data are clocked into 
the DI pin on the rising edge of the clock (CLK). The DO 
pin is normally held in a HIGH-Z state except when 
reading data from the device, or when checking the 
READY/BUSY status during a programming operation. 
The READY/BUSY status can be verified during an 
ERASE/WRITE operation by polling the DO pin; DO 
low indicates that programming is still in progress, 
while DO high indicates the device is ready. The DO 
will enter the HIGH-Z state on the falling edge of the 
CS. 


3.1 START Condition 


The START bit is detected by the device if CS and DI 
are both high with respect to the positive edge of CLK 
for the first time. 

Before a START condition is detected, CS, CLK, and 
Di may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (ERASE, ERAL, EWDS, EWEN, READ, WRITE, 
and WRAL). As soon as CS is high, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 
After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new START condition is 
detected. 


FIGURE 3-1: SYNCHRONOUS DATA TIMING 


VIH 
VIL 
VIH 


VIL 
VIH 


VIL 


po VOH 
(READ) 


VOL 


DO VOH 
(PROGRAM) We. 


Note: AC Test Conditions: VIL = 0.4V, VIH - 2.4V. 





3.2 DATA IN (DI) AND DATA OUT (DO) 


It is possible to connect the Data In (DI) and Data Out 
(DO) pins together. However, with this configuration, if 
AO is a logic-high level, it is possible for a “bus conflict” 
to occur during the “dummy zero” that precedes the 
READ operation. Under such a condition, the voltage 
level seen at DO is undefined and will depend upon the 
relative impedances of DO and the signal source driv- 
ing AO. The higher the current sourcing capability of AO, 
the higher the voltage at the DO pin. 


3.3 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
2.2V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 2.2V at nominal conditions. 


The EWDS and EWEN commands give additional pro- 
tection against accidentally programming during 
normal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 


STATUS VALID 
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3.4 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical “O” indicates that program- 
ming is still in progress. DO at logical “1” indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 


FIGURE 3-2: ERASE TIMING 





FIGURE 3-3: ERAL TIMING 








Guaranteed at Vcc = 4.5V to +6.0V. 


3.5 Erase All (ERAL) 


The ERAL instruction will erase the entire memory 
array to the logical “1” state. The ERAL cycle is identi- 
cal to the ERASE cycle except for the different opcode. 
The ERAL cycle is completely self-timed and com- 
mences at the falling edge of the CS. Clocking of the 
CLK pin is not necessary after the device has entered 
the ERAL cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire ERAL cycle is com- 
plete. 


CHECK STATUS 


CHECK STATUS 


@eIMOsN 
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3.6 ERASE/WRITE Disable and Enable 
(EWDS/EWEN) 


The 93LC56A/B powers up in the ERASE/WRITE 
Disable (EWDS) state. All programming modes must 
be preceded by an ERASE/WRITE Enable (EWEN) 
instruction. Once the EWEN instruction is executed, 
programming remains enabled until an EWDS instruc- 
tion is executed or VCC is removed from the device. To 
protect against accidental data disturbance, the EWDS 
instruction can be used to disable all ERASE/WRITE 
functions and should follow all programming opera- 
tions. Execution of a READ instruction is independent 
of both the EWDS and EWEN instructions. 


FIGURE 3-4: EWDSTIMING 


3.7 READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 8-bit (93LC56A) or 16-bit 
(93LC56B) output string. The output data bits will tog- 
gle on the rising edge of the CLK and are stable after 
the specified time delay (TPD). Sequential read is pos- 
sible when CS is held high. The memory data will auto- 
matically cycle to the next register and output 
sequentially. 





FIGURE 3-6: READTIMING 


ee a a ae i ei ae ae 
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3.8 WRITE 


The WRITE instruction is followed by 8 bits (98LC56A) 
or 16 bits (93LC56B) of data which are written into the 
specified address. After the last data bit is put on the DI 
pin, the falling edge of CS initiates the self-timed auto- 
erase and programming cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. DO at logical “O” indicates that programming is 
still in progress. DO at logical “1” indicates that the reg- 
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 


FIGURE 3-7: WRITE TIMING 


SS re 
cs 


3.9 Write All (WRAL) 


The Write All (WRAL) instruction will write the entire 
memory array with the data specified in the command. 
The WRAL cycle is completely self-timed and com- 
mences at the falling edge of the CS. Clocking of the 
CLK pin is not necessary after the device has entered 
the WRAL cycle. The WRAL command does include an 
automatic ERAL cycle for the device. Therefore, the 
WRAL instruction does not require an ERAL instruction 
but the chip must be in the EWEN status. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


TCSL 


rau PLS LULL LI ¢ 
C00 KX Dx we XEON 


HIGH-Z 
DO 





FIGURE 3-8: WRAL TIMING 





Guaranteed at Vcc = 4.5V to +6.0V. 
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93LC56A/B PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 









93LC56A/B  — iP P = Plastic DIP (300 mil Body), 8-lead 


SN = Plastic SOIC (150 mil Body), 8-lead 
SM = Plastic SOIC (208 mil Body), 8-lead 
= TSSOP, 8-lead 


Package: 




















Temperature = 0°C to +70°C 
Range: I = -40°C to +85°C 





93LC56A 2K Microwire Serial EEPROM (x8) 
93LC56AT 2K Microwire Serial EEPROM (x8) Tape and Reel 
93LC56AX 2K Microwire Serial EEPROM (x8) in alternate 
pinout (SN only) 
93LC56AXT 2K Microwire Serial EEPROM (x8) in alternate 
pinout, Tape and Reel (SN only) 
93LC56B 2K Microwire Serial EEPROM (x16) 
93LC56BT 2K Microwire Serial EEPROM (x16) Tape and Reel 


93LC56BX 2K Microwire Serial EEPROM (x16) in alternate 
pinout (SN only) 


93LC56BXT 2K Microwire Serial EEPROM (x16) in alternate 
pinout, Tape and Reel (SN only) 


Device: 


Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 


FEATURES 


Single supply 5.0V operation 

Low power CMOS technology 

- 1 mA active current (typical) 

- 1 pA standby current (maximum) 

256 x 8 bit organization (93C56A) 

128 x 16 bit organization (93C56B) 

Self-timed ERASE and WRITE cycles (including 
auto-erase) 

Automatic ERAL before WRAL 

Power on/off data protection circuitry 

Industry standard 3-wire serial interface 
Device status signal during ERASE/WRITE 
cycles 

Sequential READ function 

1,000,000 E/W cycles guaranteed 

Data retention > 200 years 

8-pin PDIP and SOIC packages 

Available for the following temperature ranges: 
- Automotive (E): -40°C to +125°C 


DESCRIPTION 


The Microchip Technology inc. 93C56A/B is a 2K-bit, 
low-voltage serial Electrically Erasable PROM. The 
device memory is configured as 256 x 8 bits (93C56A) 
or 128 x 16 bits (93C56B). Advanced CMOS technol- 
ogy makes this device ideal for low-power, nonvolatile 
memory applications. The 93C56A/B is available in 
standard 8-pin DIP and surface mount SOIC packages. 
This device is only recommeded for 5V automotive 
temperature applications. For all commercial and 
industrial applications, the 93LC56A/B is recom- 


mended. 





Microwire is a registered trademark of National Semiconductor. 
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PACKAGE TYPE 


93CS6A/B 


2K 5.0V Automotive Temperature Microwire® Serial EEPROM 


MEMORY 
DECODE 








G/V9SDE6 


g/V9SDEE 


[DATA | 
REGISTER | 
DI | 


LOGIC 


CLOCK 


'| GENERATOR 





VCC —» 
Vss ——> 
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1.0 ELECTRICAL ~ TABLE 1-1: | PIN FUNCTION TABLE 
| CHARACTERISTICS [name [_Funeton 
1.1. Maximum Ratings* 7 | Chip Select 
| Serial Data Clock 
| Lo: aE AUG anor Re pene oe REEDS MOET ORE eis ESD Neate hake sbieaucear cts 7.0V | : 
All inputs and outputs W.rt. VSS... -0.6V to Vec +1.0V Serial Data Input 
Storage temperature ..............ccccsscsccessesseensees -65°C to +150°C Serial Data Output 
Ambient temp. with power applied................. -65°C to +125°C Ground 
Soldering temperature of leads (10 seconds)............. +300°C 
ESD protection on alll pinS..........cccscessscessscsesseseseetesssereees 4kV | No Connect 
*Notice: Stresses above those listed under “Maximum ratings” may Power Supply 


cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS 
Automotive (E)Vcc = +4.5V to +5.5VTamb = 







All parameters apply over the -40°C to +125°C 
specified operating ranges 


unless otherwise noted 


High level input voltage H 
L -0.3 






co+1 | OV (Note 2) | 


loL = 2.1 mA:Vcc=4.5V _ 


loH = -400 pA; Vcc = 4.5V 
VIN = VSs to Voc 
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ILO VouT = Vss to Vcc | 
CIN, COUT} 
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Icc write | 
icc read | 
Iccs 
FCLK 
TCKH | 250 
TCKL 250 

Tcss 
TCSH 
TCSL 250 
Tpis 100 
TDIH © 100 


O lit VOI LTIOCIO 
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ERAL mode : | 
WRAL mode 
25°C, Vcc = 5.0V, Block Mode (Note 3) 


LA 
Vin/VOUT = 0 V (Notes 1 & 2) 
PF 
mA 
mA 
LA = 


Clock high time 

Clock low time 

Chip select setup time 
Chip select hold time 





Q}® 
oO; 
O15 
AQ 
1S 
oi< 
alo 
eis 
3/0 
3/8 
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ct. 
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Data input setup time 
Data input hold time | 
Data output delay time 
Data output disable time 
Status valid time 


4 


oO 


+ 
Q 
N 


— 
U 
Oo 






j 
192] 
< 


TWC. 
EC 
WL 






Program cycle time 





Endurance 1M cycles 


Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 
2: This parameter is periodically sampled and not 100% tested. 
3: This application is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which may be obtained on our website. 
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2.0 PIN DESCRIPTION 
2.1 Chip Select (CS) 


A high level selects the device. A low level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already in progress will be 
completed, regardless of the CS input signal. If CS is 
brought low during a program cycle, the device will go 
into standby mode as soon as the programming cycle 
is completed. 


CS must be iow for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is low, the internal con- 
trol logic is held in a RESET status. 


2.2 Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93C56A/B. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at high or low level) and can be continued 
anytime with respect to clock high time (TCKH) and 
clock low time (TCKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 


CLK is a “Don't Care” if CS is low (device deselected). 
If CS is high, but the START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for a START condition). 


TABLE 2-1: 

















TABLE 2-2: 












INSTRUCTION SET FOR 93C56A 


instruction] $6 | Opcode| ___—_—Address_—=~=SC=*di Data in| Data Out 
ERASE 1 X A7 AB AS A4 AZ AZ At AO] — _ | (RDY/BSY) 


1 0 % X X X XK XK xX 


| oo | eae 
Ewos |1]| 00 [0 0 X X xX X X X X | — [| HIGHZ 





WRITE X A7 AB AS A4 AB AZ A1 AO] D7-DO | (RDY/BSY) 
1X X X X X XxX xX! D7-DO | (RDY/BSY) 


INSTRUCTION SET FOR 93C56B 








ERASE 1 X AB AS A4 AB A2 AI AO (RDY/BSY 
OX & -* x Sek 


) 
00 | ) 
a EAR ee a 
[00 a X X X X X Xf — | Z 
10 X AB AS Ad AZ AZ At AO | — | Dis-Do | 


[wat [a [wo fo 1 x x x x xx |ois-p0] (ROWESy) 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detecting a START condition, the specified num- 
ber of clock cycles (respectively low to high transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (Table 2-1 
and Table 2-2). CLK and Di then become don't care 
inputs waiting for a new START condition to be 
detected. 





2.3 Data In (DI 


Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


2.4 Data Out (DO) 


Data Out is used in the READ mode to output data syn- 
chronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought high after being low for minimum chip select 
low time (TCSL) and an ERASE or WRITE operation 
has been initiated. The status signal is not available on 
DO, if CS is held low during the entire ERASE or 
WRITE cycle. In this case, DO is in the HIGH-Z mode. 
If status is checked after the ERASE/WRITE cycle, the 
data line will be high to indicate the device is ready. 





Req. CLK Cycles 








(RDY/BSY) 








(RDY/BSY 
HIGH-Z 
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3.0 FUNCTIONAL DESCRIPTION 


Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (CLK). The DO 
pin is normally held in a HIGH-Z state except when 
reading data from the device, or when checking the 
READY/BUSY status during a programming operation. 
The READY/BUSY status can be verified during an 
ERASE/WRITE operation by polling the DO pin; DO 
low indicates that programming is still in progress, 
while DO high indicates the device is ready. The DO 
will enter the HIGH-Z state on the falling edge of the 
CS. 


3.1 START Condition 


The START bit is detected by the device if CS and DI 
are both high with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is high, the device is no 
longer in the standby mode. 





An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new START condition is 
detected. 


FIGURE 3-1: SYNCHRONOUS DATA TIMING 


VIH 


Vit ici! aaa a 
VIH 


VIL 


VIH 


ViL 


DO VOH 
(READ) 


DO VOH 
(PROGRAM) 
VOL 


Note: AC Test Conditions: VIL = 0.4V, VIH = 2.4V. 


3.2 Data IN (DI) and Data Out (DO) 


It is possible to connect the Data In (DI) and Data Out 
(DO) pins together. However, with this configuration, if 
AO is a logic-high level, it is possible for a “bus conflict” 
to occur during the “dummy zero” that precedes the 
READ operation. Under such a condition, the voltage 
level seen at DO is undefined and will depend upon the 
relative impedances of DO and the signal source driv- 
ing AO. The higher the current sourcing capability of AO, 
the higher the voltage at the DO pin. 


3.3 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
3.8V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 3.8V at nominal conditions. 


The ERASE/WRITE Disable (EWDS) and ERASE 
WRTE Enable (EWEN) commands give additional pro- 
tection against accidentally programming during nor- 
mal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 


| *| TCSH 


STATUS VALID 





AE 2p RS SS PTET EB Pe ATF TIS WE TEST SE MEE I TAS EO ED GE TF SE OE a SE TE EH SE IE TT OS RESET TS 
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3.4 ERASE 


The ERASE instruction forces ail data bits of the spec- 
ified address to the logical “1” state. This cycle begins 
on the rising clock edge of the last address bit. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical “O” indicates that program- 
ming is still in progress. DO at logical “1” indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 


FIGURE 3-2: ERASE TIMING 





FIGURE 3-3: ERAL TIMING 


3.5 Erase All (ERAL) 


The ERAL instruction will erase the entire memory 
array to the logical “1” state. Tne ERAL cycle is identi- 
cal to the ERASE cycle, except for the different opcode. 
The ERAL cycle is completely self-timed and com- 
mences at the rising clock edge of the last address bit. 
Clocking of the CLK pin is not necessary after the 
device has entered the ERAL cycle. 


The DO pin indicates the READY/BUSY status of the 
device, if CS is brought high after a minimum of 250 ns 
iow (TCSL) and before the entire ERAL cycle is com- 
plete. 


CHECK STATUS 


CHECK STATUS 
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3.6 ERASE/WRITE Disable and Enable 
EWDS/EWEN 


The device powers up in the ERASE/WRITE Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an ERASE/WRITE Enable (EWEN) instruc- 
tion. Once the EWEN instruction is executed, 
programming remains enabled until an EWDS instruc- 
tion is executed or Vcc is removed from the device. To 
protect against accidental data disturbance, the EWDS 
instruction can be used to disable all ERASE/WRITE 
functions and should follow all programming opera- 
tions. Execution of a READ instruction is independent 
of both the EWEN and EWDS instructions. 


READ TIMING 


FIGURE 3-4: 


3.7 READ 





The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 8-bit (93C56A) or 16-bit 
(93C56B) output string. The output data bits will toggle 
on the rising edge of the CLK and are stable after the 
specified time delay (TPD). Sequential read is possible 
when CS is held high. The memory data will automati- 
cally cycle to the next register and output sequentially. 





FIGURE 3-5: EWDSTIMING 





FIGURE 3-6: EWENTIMING 
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3.8 WRITE 


The WRITE instruction is followed by 8-bits (93C56A) 
16-bits (93C56B) of data which are written into the 
specified address. After the last data bit is clocked into 
the DI pin, the self-timed auto-erase and programming 
cycle begins. 


The DO pin indicates the READY/BUSY status of the 
device, if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. DO at logical “0” indicates that programming is 
still in progress. DO at logical “1” indicates that the reg- 
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 





FIGURE 3-7: WRITE TIMING 





FIGURE 3-8: WRALTIMING 


3.9 Write All (WRAL) 


The Write All (WRAL) instruction will write the entire 
memory array with the data specified in the command. 
The WRAL cycle is completely self-timed and com- 
mences at the rising clock edge of the last data bit. 
Clocking of the CLK pin is not necessary after the 
device has entered the WRAL cycle. The WRAL com- 
mand does include an automatic ERAL cycle for the 
device. Therefore, the WRAL instruction does not 
require an ERAL instruction but the chip must be in the 
EWEN status. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


READY 
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Oo. 
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93C56A/B PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. . 





93C56A/B Ss iP 


oe ee Plastic DIP (300 mil Body), 8-lead 
Package: 
| Plastic SOIC (150 mil Body), 8-lead 


Temperature -40°C to +1 25°C 
Range: 


93C56A 2K Microwire Serial EEPROM (x8) 

93C56AT 2K Microwire Serial EEPROM (x8) Tape and Reel 
93C56B 2K Microwire Serial EEPROM (x16) 

93C56BT 2K Microwire Serial EEPROM (x16) Tape and Reel 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip Worldwide Web Site (www.microchip.com) 
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2K/4K 2.5V Microwire® Serial EEPROM with Software Write Protect 





FEATURES 


6 


@ 


Single supply with programming operation down 
to 2.5V 

Low power CMOS technology 

- 1 mA active current typical 

- 5 pA standby current (typical) at 3.0V 

x16 memory organization 

- 128x16 (93LCS56) 

- 256x16 (93LCS66) 

Software write protection of user defined memory 
space 

Self timed erase and write cycles 

Automatic ERAL before WRAL 

Power on/off data protection 

Industry standard 3-wire serial I/O 

Device status signal during E/W 

Sequential READ function 


_ 1,000,000 E/W cycles guaranteed 


Data retention > 200 years 

8-pin PDIP/SOIC and 14-pin SOIC packages 
Temperature ranges supported 

- Commercial (C): 0°C to +70°C 

- Industrial (1): -40°C to +85°C 


PACKAGE TYPES 


Microwire is a registered trademark of National Semiconductor Incorporated. 





93LCS56 
93LCS66 
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BLOCK DIAGRAM 


MEMORY | ADDRESS 
ARRAY DECODER 


om 
om 


OUTPUT 


ee BUFFER 


DESCRIPTION 


The Microchip Technology Inc. 93LCS56/66 are low volt- 
age Serial Electrically Erasable PROMs with memory 
capacities of 2K bits/4K bits respectively. A write protect 
register is included in order to provide a user defined 
region of write protected memory. All memory locations 
greater than or equal to the address placed in the write 
protect register will be protected from any attempted write 
or erase operation. It is also possible to protect the 
address in the write protect register permanently by using 
a one time only instruction (PRDS). Any attempt to alter 
data in a register whose address is equal to or greater 
than the address stored in the protect register will be 
aborted. Advanced CMOS technology makes this device 
ideal for low power non-volatile memory applications. 


93LCS56 
93LCS66 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: | PIN FUNCTION TABLE 
1.1 - Maximum Ratings* 

Chip Select 
Vcc desis eieeeesedecdsesceavdsede ess sascedenecsesesev eecdsovedecedsdveceuesdevecssseses 7.0V Serial Data Clock 
All inputs and outputs w.r.t. VSS ............... -0.6V to Vcc +1.0V ; 
Storage teMperature .......cescecssceesessessesseens -65°C to +150°C Serial Data Input 
Ambient temp. with power applied................. -65°C to +125°C Serial Data Output 
Soldering temperature of leads (10 seconds)............. +300°C Ground 
ESD protection On all Pins............cscesseseessertcceeceeeserssens 4kV 


- : = erate Program Enabie 

otice: Stresses above those listed under “Maximum ratings” ; 

may cause permanent damage to the device. This is a stress rat- Protect Register Enable 
ing only and functional operation of the device at those or any Power Supply 

other conditions above those indicated in the operational listings 

of this specification is not implied. Exposure to maximum rating 

conditions for extended periods may affect device reliability. 





TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS 


ae coir Ta 


Commercial(C): Tamb = 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C __ 
[Parameter | Symbol | _Min__| Max | Units | Conditions 
VIH Vcc +1 CC > 2.5V 
| 
O 







































Aw) 
oO 
) 


fo) 
Go 


< 


Low level output voltage OL = 2.1 mA; Vcc = 4.5V 


| 
lo. = 100 WA; Vcc = 2.5V 
High level output voltage 2.4 ] 
Weo08. ; 
— 








Tamb = +25°C; FcLkK = 1 MHz 
mA 


mA FCLK = 2 MHz; Vcc = 6.0V 
500 pA FCLK = 1 MHz; Vcc = 3.0V 
100 CLK = CS = OV; Vcc = 6.0V 
30 CLK = CS = OV; Vcc = 3.0V 
DIi= PE =PRE=Vss 


MHz Vcc 2 4.5V 
MHz Vcc < 4.5V 


OH = -400uA; Vcc = 4.5V 

: 

Pin capacitance (ened 
(all inputs/outputs) 

Operating current 


Standby current 
Clock frequency es 


250 
250 


0 


t 
mh 
; 
—h oO; oO 


ook, 
oO 


A 
LA 
pF 


+ 









a 
:@) 
- 
A 
ff 8 
<= 
>> 


Relative to CLK 
Relative to CLK 















| 100 
[Data input hold time | Tow | _100_| — | ns _|Relatveto CLK 
: [Data ouiputdelay time | tro | — | 400 | ns _|Cle100pF_ 
[Data output disable time | _toz | — | 100 | ns 






CL=100 pF (Note 2) 
Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 
2: This parameter is periodically sampled and not 100% tested. 





bey ag? 
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TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS (Continued) 


Vcc = +2.5V to +6.0V 
Commercial(C): Tamb = 0°C to +70°C 
Industrial (1): Tamb = -40°C to +85°C 


Siatisvaldtme [tev [00] ne oop 

Program cycle time | Two | {10 ~=| ~~ ms__ | ERASE/WRITE mode (Note 3) 
tes [5 ns ERA rode 

a a a 


Endurance — 1M _ cycles | 25°C, Vcc = 5.0V, Block Mode 
(Note 4) 


3: Typical program cycle time is 4 ms per word. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our BBS or website. 


























TABLE 1-3: = INSTRUCTION SET FOR 93LCS56*/66 












93LCS56/66 (x 16 organization) 


instruction] $8 [Opcode] Address | Dataln | Osta Out [PRE| PE Comment 


READ 1 10 A7- AO D15-D0 X | Reads data stored in memory, start- 
ing at specified address (.Note). 
EWEN 1 11XXXXXX High-Z 1 | Erase/Write Enable must precede all 
| programming modes. 
ERASE 1 11 A7 - AO (RDY/ 1 | Erase data at specified address 
BSY) location if address is unprotected 
(Note). 
ERAL 1 00 1OXXXXXX (RDY/ 1 | Erase all registers to “FF”. Valid only 
BSY) when Protect Register is cleared. 
WRITE 1 01 A7 - AO* D15-DO|; (RDY/ 1 | Writes register if address is unpro- 
tected. 
WRAL 1 O1XXXXXX |D15-DO| (RDY/ 1 | Writes all registers. Valid only when 
BSY) Protect Register is cleared. 






3 










EWDS 1 | OOXXXXXX High-Z X | Erase/Write Disable deactivates all 
. programming instructions. _ 
PRREAD 1 10 XXXXXXXX A7-AO X |Reads address stored in Protect 
| Register. | 
PREN 1 11XXXXXX High-Z 1 1 | Must immediately precede 
PRCLEAR, PRWRITE and PRDS 
instructions. 
PRCLEAR | 1 | 11 11111111 (RDY/ 1 1 | Clears the Protect Register such that 
BSY) all data are NOT write-protected. 
PRWRITE 1 01 A7 - AQ* | 1 | Programs address into Protect Reg- 
ister. Thereafter, memory 
addresses greater than or equal to 
| the address in Protect Register are 
write-protected. 


PRDS Pent 00000000 a (RDY/ ONE TIME ONLY instruction after 
BSY) 


which the address in the Protect 
Note: Address A7 bit is a “don’t care” on 93LCS56. 













Register cannot be altered. 
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2.0 FUNCTIONAL DESCRIPTION 


The 93LCS56/66 is organized as 128/256 registers by 
16 bits. Instructions, addresses and write data are 
clocked into the DI pin on the rising edge of the clock 
(CLK). The DO pin is normally held in a high-Z state 
except when reading data from the device, or when 
checking the ready/busy status during a programming 
operation. The ready/busy status can be verified during 
an Erase/Write operation by polling the DO pin; DO low 
indicates that programming is still in progress, while 
DO high indicates the device is ready. The DO will 
enter the high-Z state on the falling edge of the CS. 


2.1 START Condition 


The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
WRAL, PRREAD, PREN, PRCLEAR, PRWRITE, and 
PRDS). As soon as CS is HIGH, the device is no longer 
in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 


2.2  pUDO 





It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict” to occur during the “dummy zero” 
that precedes the READ operation, if AO is a logic 
HIGH level. Under such a condition the voltage level 
seen at Data Out is undefined and will depend upon the 
relative impedances of Data Out and the signal source 
driving AO. The higher the current sourcing capability of 
AO, the higher the voltage at the Data Out pin. 


2.3 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 1.4V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during nor- 
mal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 


~ can be executed. — 
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The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit output string. The output 
data bits will toggle on the rising edge of the CLK and 
are stable after the specified time delay (TPD). Sequen- 
tial read is possible when CS is held high. The memory 
data will automatically cycle to the next register and 
output sequentially. 


2.5 Erase/Write Enable and Disable 
EWEN, EWDS 


The 93LCS56/66 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an Erase/Write Enable (EWEN) instruction. 
The PE pin MUST be held “high” while loading the 
EWEN instruction. Once the EWEN instruction is exe- 
cuted, programming remains enabled until an EWDS 
instruction is executed or VCC is removed from the 
device. To protect against accidental data disturb, the 
EWDS instruction can be used to disable all Erase/ 
Write functions and should follow all programming 
operations. Execution of a READ instruction is inde- 
pendent of both the EWEN and EWDS instructions. 


2.6 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. The PE pin MUST be latched “high” during load- 
ing the ERASE instruction but becomes a “don't care” 
after loading the instruction. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcLS). DO at logical “OQ” indicates that program- 
ming is still in progress. DO at logical “1” indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. ERASE 
instruction is valid if specified address is unprotected. 


The ERASE cycle takes 4 ms per word typical. 
2.7 WRITE 


The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. After the 
last data bit is put on the DI pin, CS must be brought 
low before the next rising edge of the CLK clock. Both 
CS and CLK must be low to initiate the self-timed auto- 
erase and programming cycle. The PE pin MUST be 
latched “high” while loading the WRITE instruction but 


- becomes a “don't care” thereafter. 
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The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
(TCSL) and before the entire write cycle is complete. 
DO at logical “0” indicates that programming is still in 
progress. DO at logical “1” indicates that the register at 
the specified address has been written with the data 
specified and the device is ready for another instruc- 
tion. WRITE instruction is valid only if specified address 
is unprotected. 


The WRITE cycle takes 4 ms per word typical. 
2.8 Erase All (ERAL) 


The ERAL instruction will erase the entire memory 
array to the logical “1”. The ERAL cycle is identical to 
the ERASE cycle except for the different opcode. The 
ERAL cycle is completely self-timed and commences 
at the falling edge of the CS. PE pin MUST be held 
“high” while loading the instruction but becomes “don't 
care” thereafter. Clocking of the CLK pin is not neces- 
sary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at Vcc = 4.5 
to 6V and valid only when Protect Register is cleared. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. 


The ERAL cycle takes 15 ms maximum (8 ms typical). 


2.9 Write All (WRAL) 


The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
at the falling edge of the CS. PE pin MUST be held 
“high” while loading the instruction but becomes “don't 
care” thereafter. Clocking of the CLK pin is not neces- 
sary after the device has entered the self clocking 
mode. The WRAL command does include an automatic 
ERAL cycle for the device. Therefore, the WRAL 
instruction does not require an ERAL instruction but the 
chip must be in the EWEN status. The WRAL instruc- 
tion is guaranteed at Vcc = 4.5 to 6V and valid only 
when Protect Register is cleared. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


The WRAL cycle takes 30 ms maximum (16 ms typi- 
Cal). 





2.10 Protect Register Read (PRREAD) 


The Protect Register Read (PRREAD) instruction out- 
puts the address stored in the Protect Register on the 
DO pin. The PRE pin MUST be held HIGH when load- 
ing the instruction and remains HIGH until CS goes 
LOW. A dummy zero bit precedes the 8-bit output 
string. The output data bits in the memory Protect Reg- 
ister will toggle on the rising edge of the CLK as in the 


READ mode. 
2.11 Protect Register Enable (PREN) 


The Protect Register Enable (PREN) instruction is 
used to enable the PRCLEAR, PRWRITE, and PRDS 
modes. Before the PREN mode can be entered, the 
device must be in the EWEN mode. Both PRE and PE 
pins MUST be held “high” while loading the instruction. 
The PREN instruction MUST immediately precede a 
PRCLEAR, PRWRITE, or PRDS instruction. 


2.12 Protect Register Clear (PRCLEAR) 


The Protect Register Clear (PRCLEAR) instruction 
clears the address stored in the Protect Register and, 
therefore, enables all registers for programming 
instructions such as ERASE, ERAL, WRITE, and 
WRAL. The PRE and PE pin MUST be held HIGH 
when loading the instruction. Thereafter, PRE and PE 
pins become “don't care”. A PREN instruction must 
immediately precede a PRCLEAR instruction. 


2.13 Protect Register Write (PRWRITE) 


The Protect Register Write (PRWRITE) instruction 
writes into the Protect Register the address of the first 
register to be protected. After this instruction is exe- 
cuted, all registers whose memory addresses are 
greater than or equal to the address pointer specified in 
the Protect register are protected from any program- 
ming instructions. Note that a PREN instruction must 
be executed before a PRWRITE instruction and, the 
Protect Register must be cleared (by a PRCLEAR 
instruction) before executing the PRWRITE instruction. 
The PRE and PE pins MUST be held HIGH while load- 
ing PRWRITE instruction. After the instruction is 
loaded, they become “don't care”. 


2.14 Protect Register Disable (PRDS) 


The Protect Register Disable (PRDS) instruction is a 
ONE TIME ONLY instruction to permanently set the 
address specified in the Protect Register. Any attempts 
to change the address pointer will be aborted. The PRE 
and PE pins MUST be held HIGH while loading PRDS 
instruction. After the instruction is loaded, they become 
“don't care”. Note that a PREN instruction must be exe- 
cuted before a PRDS instruction. 
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FIGURE 2-1: SYNCHRONOUS DATA TIMING 
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FIGURE 2-2: READTIMING 


TRI-STATE® 


* The memory automatically cycles to the next register. PE=X 
Tri-State is a registered trademark of National Semiconductor. 


FIGURE 2-3: EWENTIMING 
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FIGURE 2-4: EWDSTIMING 
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e Address bit A7 becomes a "don't care" for 93LCS56. PRE =0 
FIGURE 2-6: WRAL TIMING 
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FIGURE 2-7: ERASE TIMING 
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e Address bit A7 is a "don't care" for 93LCS56. PRE=0 


FIGURE 2-8: ERAL TIMING 
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FIGURE 2-9: PRREAD TIMING | 
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¢ Address bit A7 is a “don't care" for 93LCS56. PE 
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FIGURE 2-10: PREN TIMING 
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FIGURE 2-11: PRCLEAR TIMING 
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FIGURE 2-12: PRWRITE TIMING 
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Protect Register MUST be cleared before a PRWRITE cycle. 
A PREN cycle must immediately precede a PRWRITE cycle. 
Address bit A7 is a “don't care" for 93LCS56. 
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FIGURE 2-13: PRDS TIMING 
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ONE TIME ONLY instruction. A PREN cycle must immediately precede a PRDS cycle. 


3.0 PIN DESCRIPTION 
3.1 Chip Select (CS 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, 
the device will go into standby mode as soon as the 
programming cycle is completed. | 


CS must be LOW for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


3.2 Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 


cation between a master device and the 93LCS56/66. 


Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin- 
ued anytime with respect to clock HIGH time (TCDD) 
and clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. | 


CLK is a “Don't Care” if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
_of clock cycles (respectively LOW to HIGH transitions 


of CLK) must be provided. These clock cycles are 


-required to clock in all required opcode, address, and 


data bits before an instruction is executed (see instruc- 
tion set truth table). CLK and DI then become don't care 
inputs waiting for a new start condition to be detected. 





3.3 Data In (DI 


Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


3.4 Data Out (DO) 


Data Out is used in the READ and PRREAD mode to 
output data synchronously with the CLK input (TPD 
after the positive edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought HIGH after held LOW for minimum chip select 
low time (TCSL) and an ERASE or WRITE operation 
has been initiated. 


The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE 
cycle. In all other cases DO is in the HIGH-Z mode. If 
status is checked after the WRITE/ERASE cycle, a 
pull-up resistor on DO is required to read the READY 
signal. 


3.5 Program Enable (PE) 


This pin should be held HIGH in the programming 
mode or when executing the Protect Register program- 
ming instructions. 


3.6 Protect Register Enable (PRE) 


This pin should be held HIGH when executing all Pro- 
tect Register instructions. Otherwise, it must be held 
LOW for normal operations. 
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93LCS56/66 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


93LCS56/66 - 





P = Plastic DIP (800 mil Body), 8-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 
SM = Plastic SOIC (207 mil Body), 8-lead 
SL = Plastic SOIC (150 mil Body), 14-lead 


Package: 


Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 


93LCS56/66 Microwire Serial EEPROM 


ic 93LCSS56T/66T Microwire Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip Worldwide Web Site (www.microchip.com) 








DS11181E-page 4-54 © 1998 Microchip Technology Inc. 





MICROCHIP 93 LC66A/B 


4K 2.5V Microwire® Serial EEPROM 








FEATURES BLOCK DIAGRAM 
e Single supply with operation down to 2.5V 
e Low power CMOS technology MEMORY 

- 1 mA active current (typical) hal 


- 1A standby current (maximum) 

512 x 8 bit organization (983LC66A) 

¢ 256 x 16 bit organization (93LC66B) 
Self-timed ERASE and WRITE cycles 
(including auto-erase) 

Automatic ERAL before WRAL 

Power on/off data protection circuitry 
Industry standard 3-wire serial interface 
Device status signal during ERASE/WRITE 
cycles 

Sequential READ function 

1,000,000 E/W cycles guaranteed 
Data retention > 200 years 

8-pin PDIP/SOIC and 8-pin TSSOP packages 
Available for the following temperature ranges: DESCRIPTION 


eae Peas The Microchip Technology Inc. 93LC66A/B are 4K-bit, 
low voltage serial Electrically Erasable PROMs. The 
device memory is configured as x8 (93LC66A) or 
x16 bits (93LC66B). Advanced CMOS. technology 
makes these devices ideal for low power nonvolatile 
memory applications. The 93LC66A/B is available in 
standard 8-pin DIP, surface mount SOIC, and TSSOP 
packages. The 93LC66AX/BX are only offered in a 
150-mil SOIC package. 





PACKAGE TYPE 









€/V999N 1E6 
€/V99D 1E6 
XE/V99DTIE6 ( 





— 
© 
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Microwire is a registered trademark of Motorola. 
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1.0 ELECTRICAL TABLE 1-1 = PIN FUNCTION TABLE 
CHARACTERISTICS 

1.1. Maximum Ratings* | Chip Select 

Serial Data Clock 
WEG csosccestieeuisecn ace Geieonsnniee: Be eaalai tics halatctes 7.0V : . 
All inputs and outputs w.r.t. VSS ...........0e. -0.6V to Vec +1.0V 7 Serial Data Input 
Storage temperature ...........scscsecscsscescsseereeees -65°C to +150°C Serial Data Output 
Ambient temp. with power applied................. -65°C to +125°C Ground 
Soldering temperature of leads (10 seconds) ............. +300°C 
ESD protection on alll pins.........c.ccecsssccsssssesesectscecesseseess 4kV No Connect 
*Notice: Stresses above those listed under “Maximum ratings” may Power Supply 





cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2 DC AND AC ELECTRICAL CHARACTERISTICS 


All parameters apply over the specified | Commercial (C): VCC = +2.5V to +6.0V Tamb = O°C to +70°C 
Operating ranges unless otherwise Industrial (1): VCC = +2.5V to +6.0V Tamb = -40°C to +85°C 


Vint Vv 2.7V < VCC < 6.0V (Note 2) 
p 





























=) 
° 
al 
@ 
a 




















High level input voltage 


| 
Tamb = +25°C, FCLK = 1 MHz 
FCLK = 2 MHz; Vcc = 6.0V 

pA FCLK = 1 MHz; Vcc = 3.0V 


pA | CS =Vss; DI = Vss 


NO 


Low level input voltage 


< 
ho 


VoLt 
VoL2 
VOH1 
VOH2 


Low level output voltage 


High level output voltage 
g P 9 Vcc-0.2 


Input leakage current 
-10 


cS) 


Output leakage current 


Pin capacitance 
(all inputs/outputs) 


O 
2 
Sy 
= 


Icc read 


Operating current 





Icc write 


| Standby current iccs 


Clock frequency FCLK 


Ww 
E 
TWL 


Vcc > 4.5V 
Vcc < 4.5V 
Relative to CLK 
Relative to CLK 







ms 
3 






+ 
.?) 


Program cycle time 
15 


+ 
r?) 


Endurance 


Note 1: This parameter is tested at Tamb = 25°C and Fclk = 1 MHz. 
: This parameter is periodically sampled and not 100% tested. 
3: This application is not tested but guaranteed by characterization. For endurance estimates in a specific application, please consult the Total 
Endurance Model which may be obtained on our website. 


cycles 
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2.0 PIN DESCRIPTION 
2.1 Chip Select (CS) 


A high level selects the device; a low level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already in progress will be 
completed, regardless of the Chip Select (CS) input 
signal. If CS is brought low during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be low for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is low, the internal con- 
trol logic is held in a RESET status. 


2.2 Serial Clock (CLK) 


The Serial Clock (CLK) is used to synchronize the com- 
munication between a master device and the 
93LC66A/B. Opcode, address, and data bits are 
clocked in on the positive edge of CLK. Data bits are 
also clocked out on the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at high or low level) and can be continued 
anytime with respect to clock high time (TCKH) and 
clock low time (TCKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 


CLK is a “Don't Care” if CS is low (device deselected). 
If CS is high, but a START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for a START condition). 


TABLE 2-1 






EWDS 
EWEN 
READ | 1 | 
WRITE 
WRAL 


TABLE 2-2 


ERASE 
ERAL | 1 | 
EWDS 
EWEN 1 


as 
READ 
WRITE | 1 | 01 





















INSTRUCTION SET FOR 93LC66A 


P ERASE | 1 | 11 [AB A? Ab AS AS AS AZ AT AO] — 

ee ee : 

[wo [oo x x x x x x x| — | AiG 
[oa xe xx x] | ee 
[10 [As AT AS AS Ad A A AT AO] — Ew 
x0 | 87-00 | 

cme f 





A8 A7 AGB AS A4 AZ A2 At D7-DO | (RDY/BSY) 
0 1 X X X X X X xX] D7-DO | (RDY/BSY) 


INSTRUCTION SET FOR 93LC66B 


: 
el a a 
0 
0 
1 X X X Xx X xX 





=< 

<a 

[10 [A AB_AS_ MAASAI 
wear [1 | o fo 1 x x x x x x] 016-00] (ROVESY 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detection of a START: condition the specified 
number of clock cycles (respectively low to high transi- 
tions of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (Table 2-1 
and Table 2-2). CLK and DI then become don't care 
inputs waiting for a new START condition to be 
detected. 


2.3 Data In (DI 


Data In (Dl) is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


2.4 Data Out (DO 


Data Out (DO) is used in the READ mode to output 
data synchronously with the CLK input (TPD after the 
positive edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought high after being low for minimum chip select 
low time (TCSL) and an ERASE or WRITE operation 
has been initiated. 


The status signal is not available on DO, if CS is held 
low during the entire ERASE or WRITE cycle. In this 
case, DO is in the HIGH-Z moce. If status is checked 
after the ERASE/WRITE cycle, the data line will be high 


to indicate the device is ready. 
Req. CLK 
moves) [2 


HIGH-Z 












2 
2 
2 


D7 - DO 













a 
Feo [a 
a 
a a 
= [oso [a 
[31-00 





~~ 








© 1998 Microchip Technology Inc. 


DS21209B-page 4-57 


= 
2 
fe) 
= 
= 
@ 
) 








93LC66A/B 





3.0 FUNCTIONAL DESCRIPTION 


Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (CLK). The DO 
pin is normally held in a HIGH-Z state except when 
reading data from the device, or when checking the 
READY/BUSY status during a programming operation. 
The READY/BUSY status can be verified during an 
ERASE/WRITE operation by polling the DO pin; DO 
low indicates that programming is still in progress, 
while DO high indicates the device is ready. The DO 
will enter the HIGH-Z state on the falling edge of the 
CS. 


3.1 START Condition 


The START bit is detected by the device if CS and Di 
are both high with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (ERASE, ERAL, EWDS, EWEN, READ, WRITE, 
and WRAL). As soon as CS is high, the device is no 
longer in the standby mode. 





An instruction following a START condition will only be 
executed if the required amount of opcodes, 
addresses, and data bits for any particular instruction is 
clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new START condition is 
detected. 


FIGURE 3-1: SYNCHRONOUS DATATIMING 
VIH 


VIL 
VIH 


VIL 


VIH 


VIL 


DO VOH 
7 (READ) VoL 


TSV 
DO VOH | 


(PROGRAM) ,. 


Note: AC Test Conditions: ViL = 0.4V, VIH = 2.4V. 
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3.2 Data In (DI) Data Out (DO) 


It is possible to connect the Data In (Dl)and Data Out 
(DO)pins together. However, with this configuration, if 
AO is a logic-high level, it is possible for a “bus conflict” 
to occur during the “dummy zero” that precedes the 
READ operation. Under such a condition the voltage 
level seen at Data Out is undefined and will depend 
upon the relative impedances.of Data Out and the sig- 
nal source driving AO. The higher the current sourcing 
capability of AO, the higher the voltage at the Data Out 
pin. 


3.3 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
2.2V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 2.2V at nominal conditions. _ 


The ERASE/WRITE Disable (EWDS) and ERASE/ 
WRITE Enable (EWEN) commands give additional 
protection against accidentally programming during 
normal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 


STATUS VALID 





© 1998 Microchip Technology Inc. 


93LC66A/B 





3.4 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcSsL). DO at logical “0” indicates that program- 
ming is still in progress. DO at logical “1” indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 


FIGURE 3-2: ERASE TIMING 


oJ TNR DOK, 





FIGURE 3-3: 


ERAL TIMING 





Guaranteed at Vcc = 4.5V to +6.0V. 


3.5 Erase All (ERAL) 


The Erase All (ERAL) instruction will erase the entire 
memory array to the logical “1” state. The ERAL cycle 
is identical to the ERASE cycle except for the different 
opcode. The ERAL cycle is completely self-timed and 
commences at the falling edge of the CS. Clocking of 
the CLK pin is not necessary after the device has 
entered the ERAL cycle. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire ERAL cycle is com- 


plete. 
CHECK STATUS er | \ 


CHECK STATUS 


RE PSST EIATEE SSEIE S  ECELSE  E  I E PS LI EE TEE T E P ETISIEGEI EE IEEE EA TE  PELI G  LE DE IIEIE LID TI EE TE EDIE EEE LID 


© 1998 Microchip Technology inc. 


DS21209B-page 4-59 


@o4IMOsI IN 





93LC66A/B 





3.6 ERASE/WRITE Disable and Enable 
(EWDS/EWEN) 


The 93LC66A/B powers up in the ERASE/WRITE Dis- 
able (EWDS) state. All programming modes must be 
preceded by an ERASE/WRITE Enable (EWEN) 
instruction. Once the EWEN instruction is executed, 
programming remains enabled until an EWDS instruc- 
tion is executed or Vcc is removed from the device. To 
protect against accidental data disturbance, the EWDS 
instruction can be used to disable all ERASE/WRITE 
functions and should follow all programming opera- 
tions. Execution of a READ instruction is independent 
of both the EWDS and EWEN instructions. 


FIGURE 3-4: EWDSTIMING 


3.7 READ 





The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 8-bit (93LC66A) or 16-bit 
(93LC66B) output string. The output data bits will tog- 
gle on the rising edge of the CLK and are stable after 
the specified time delay (TPD). Sequential read is pos- 
sible when CS is held high. The memory data will auto- 
matically cycle to the next register and output 
sequentially. | 





FIGURE 3-5: EWENTIMING 





FIGURE 3-6: READTIMING 
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3.8 WRITE 


The WRITE instruction is followed by 8 bits (93LC66A) 
or 16 bits (93LC66B) of data which are written into the 
specified address. After the last data bit is put on the DI 
pin, the falling edge of CS initiates the self-timed auto- 
erase and programming cycle. 


The DO pin indicates the READY/BUSY status of the 
device, if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. DO at logical “O” indicates that programming is 
still in progress. DO at logical “1” indicates that the reg- 
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 





FIGURE 3-7: WRITE TIMING 


| 





FIGURE 3-8: WRAL TIMING 


Guaranteed at Vcc = 4.5V to +6.0V. 


3.9 Write All (WRAL) 


The Write All (WRAL) instruction will write the entire 
memory array with the data specified in the command. 
The WRAL cycle is completely self-timed and com- 
mences at the falling edge of the CS. Clocking of the 
CLK pin is not necessary after the device has entered 
the WRAL cycle. The WRAL command does include an 
automatic ERAL cycle for the device. Therefore, the 
WRAL instruction does not require an ERAL instruc- 
tion, but the chip must be in the EWEN status. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


READY 
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93LC66A/B PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


93LC66A/B — IP 


= Plastic DIP (300 mil Body), 8-lead 
Plastic SOIC (150 mil Body), 8-lead 
Plastic SOIC (208 mil Body), 8-lead 
= TSSOP, 8-lead 


Package: _ 


Temperature 0°C to +70°C 
Range: = -40°C to +85°C 


93LC66A 4K Microwire Serial EEPROM (x8) 
938LC66AT 4K Microwire Serial EEPROM (x8) Tape and Reel 
93LC66AX 4K Microwire Serial EEPROM (x8) in alternate 
pinout (SN only) 
93LC66AXT 4K Microwire Serial EEPROM (x8) in alternate 
pinout, Tape and Reel (SN only) 
93LC66B 4K Microwire Serial EEPROM (x16) 
93LC66BT 4K Microwire Serial EEPROM (x16) Tape and Reel 
93LC66BX 4K Microwire Serial EEPROM (x16) in alternate 
~ pinout (SN only) 
93LC66BXT 4K Microwire Serial EEPROM (x16) in alternate 
pinout, Tape and Reel (SN only) 


Device: 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MicROCHIP 93C66A/B 


4K 5.0V Automotive Temperature Microwire® Serial EEPROM 








FEATURES PACKAGE TYPE 


Single supply 5.0V operation 

Low power CMOS technology 

- 1™mMA active current (typical) 

- 1 pA standby current (maximum) 

512x 8 bit organization (93C66A) 

256x 16 bit organization (93C66B) 

Self-timed ERASE and WRITE cycles (including 
auto-erase) 

Automatic ERAL before WRAL 

Power on/off data protection circuitry 

Industry standard 3-wire serial interface 
Device status signal during ERASE/WRITE 
cycles 

Sequential READ function 

1,000,000 E/W cycles guaranteed 

Data retention > 200 years 

8-pin PDIP and SOIC packages 

Available for the following temperature ranges: 
- Automotive (E): | *-40°C to +125°C 


DESCRIPTION 


The Microchip Technology Inc. 93C66A/B is a 4K-bit, 
low-voltage serial Electrically Erasable PROM. The 
device memory is configured as 512 x 8 bits (93C66A) 
or 256 x 16 bits (93C66B). Advanced CMOS 
technology makes this device ideal for low-power, 
nonvolatile memory applications. The 93C66A/B is 


DATA 
; REGISTER 
available in standard 8-pin DIP and surface mount — 


SOIC packages. This device is only recommended 


g/V99DE6 


sf) 
w 
O 
ro) 
oO 
e 
w 


for 5V automotive temperature applications. For all repeats 
commercial and industrial temperature applica- LOGIC 


tions, the 93LC66A/B is recommended. 


CLOCK 
GENERATOR 


Microwire is a registered trademark of National Semiconductor. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 
__ CHARACTERISTICS 
1.1. Maximum Ratings* chp Seed! 
. Serial Data Clock 
vec edwh sicsgucae Sea@uceeoueicon tea pend eeson cee ey oa co espn one cuea we euaiatoise odaauaees 7.0V Serial Data Input 
All inputs and outputs w.r.t. Vss ............... -0.6V to Vcc +1.0V Serial Data Outout 
Storage temperature ....cecccccccccscecssescsescseeeeee -65°C to +150°C ahaa Suey 
Ambient temp. with power applied................. -65°C to +125°C Ground 
Soldering temperature of leads (10 seconds)............. +300°C No Connect 
ESD protection on all Pins................ccccccsssssecesssesseecesssenee 4kV 





Power Supply 


*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 
not implied. Exposure to maximum rating conditions for extended peri- 
ods may affect device reliability. 


TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS 














All parameters apply over the Automotive (E) ‘Vcc = +4.5V to +5.5VTamb = -40°C to +125°C 
specified operating ranges 


unless otherwise noted 


| __Parameter_—_—_—| Symbol | _ Min. | Max. | Units | Conditions 
VIA 
Sa Ee a 
IOH = -400 WA; Vcc = 4.5V 
ViIN/VouT = 0 V (Notes 1 & 2) 
lL ;DI= 


A 
A 
F 
Pm [SS 
A 
A 
Hz 





















= 
a 
= oy 
OD 
< 
oO 
=] 
3 
c 
me 
< 
oO 
— 
o 
Q 
© 
iF 


< 
fe) 
= 


ow level output voltage 


—s 


ore (are f°) ro) 
o;o|f 'o) 


nput leakage current 
t leakage current 


L 


ce) 


BIO]S/=I5/5 
31S a s 
o |o a = 
o;¢c oD @O 
> < 5 
°. © = 
~~ oO 3 
5 c SG 
= c 
re) ne] = 
2 Se < 
< oO 
ro} ty 
a Yo) 
» 
A ro) 
ro) 
< 


CIN, COUT 


~-~ 


all inputs/outputs) 

Icc write 

Icc read 
Iccs 
FCLK 


m 
a ae 
| pA [CS =Vss; DI = Vss 

Pp MHz | 
| ns {Relative to CLK 

Relative to CLK 

Relative to CLK 

Relative to CLK 


= 100 pF 


_ ak | od 


250 


Chip select setup time 


250 
10 


io) 


VDIiDIO!|O QO;}Q;OQ/Q| O 
VY V2 a/z. O9/9/9|/) 9 
>/ip\|o lo eaialgi/s|] 2 
s13/2/e a eae ee ee 
— — - 
c¢i/c{/O|® = aio! & 
er hier | ee. ajo lele 
Tins _ 3 /f)/o0/3 2 
O/2ia\3s ai3s|lz>{lo 3 
alcie/= OolOis| o 
+l|Ola/2 ba a 5 
3|=|5|s z 
13/215 
4la4ia4iaia ae 
3/5/93 13/9/2/8 =|§ 
LIM rl TInjriz x 


Data output delay time 


als 
0 
Oo 


CL= 
Data output disable time CZ 10 CL = 100 pF (Note 2) 
Status valid time TSV CL = 100 pF 






Ww 
C 
TWL 


ERASE/WRITE mode 
ERAL mode 
WRAL mode 


1M 25°C, Vcc = 5.0V, Block Mode (Note 3) 


Note 1: This parameter is tested at Tamb = 25°C and FCLK = 1 MHz. 
2: This parameter is periodically sampled and not 100% tested. 
3: This application is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which may be obtained on our website. 


| 
m 


4 
1?) 


Program cycle time 
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2.0 PIN DESCRIPTION 
2.1 Chip Select (CS) 


A high level selects the device; a low level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already in progress will be 
completed, regardless of the Chip Select (CS) input 
signal. If CS is brought low during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be low for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is low, the internal con- 
trol logic is held in a RESET status. 


2.2 Serial Clock (CLK) 


The Serial Clock (CLK) is used to synchronize the com- 
munication between a master device and 
the 93C66A/B. Opcodes, addresses, and data bits 
are clocked in on the positive edge of CLK. Data bits 
are also clocked out on the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at high or low level) and can be continued 
anytime with respect to clock high time (TCKH) and 
clock low time (TCKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 


CLK is a “Don't Care” if CS is low (device deselected). 
lf CS is high, but the START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for a START condition). 


TABLE 2-1: 


X X KX KX X XK X 


1 O 
0 O X X X X KX XK X 
1 1 


Crean [+ | 


INSTRUCTION SET FOR 93C66A 


CLK cycles: are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detecting a START condition, the specified num- 
ber of clock cycles (respectively low to high transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all required opcodes, addresses, 
and data bits before an instruction is executed 
(Table 2-1 and Table 2-2). CLK and DI then become 
don't care inputs waiting for a new START condition to 
be detected. | 





2.3 Data In (DI 


Data In (Dl) is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


2.4 Data Out (DO) 


Data Out (DO) is used in the READ mode to output 
data synchronously with the CLK input (TPD after the 
positive edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available on the DO pin if CS is 
brought high after being low for minimum chip select 
low time (TCSL) and an ERASE or WRITE operation 
has been initiated. The status signal is not available on 
DO, if CS is held low during the entire ERASE or 
WRITE cycle. In this case, DO is in the HIGH-Z mode. 
If status is checked after the ERASE/WRITE cycle, the 
data line will be high to indicate the device is ready. 


HIGH-Z 
Zz 


= 

ee 

[A8_AT_AB_AS Ad AS_A2 MAD] — | 07-00 _| 
[07-00 


A8 A7 A6B AS A4 AS A2 At AD} D7-DO (RDY/BSY) 


0 1 X X X X XK X XI] D7-DO (RDY/BSY) 


TABLE 2-2: 












INSTRUCTION SET FOR 93C66B 


[ATA AS AAS ORO — 

fio x x x x xX) — | ove | on 

i oo em a 
cs 


AO 
1 O xX X xX X XK xX 
1 1 X KX X X XK X 
O xX xX X X XK X 

AO 

AQ 
0 1 X %X% X X XK X 





READ A7 AG AS A4 AS AQ At 
01 A7 AB AS A4 AS A2 AT D15-D0 | (RDY/BSY Se: ae 
weal | 7 { 0 [oi x x x x x Xx | 15.00] (ROVESY 


roves 


Req. CLK Cycles 
(ROVESY) [ 











HIGH-Z 


11 
11 
11 
27 
27 


<s|| =< 
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3.0 FUNCTIONAL DESCRIPTION 


Instructions, addresses, and write data are clocked into 
the DI pin on the rising edge of the clock (CLK). The DO 
pin is normally held in a HIGH-Z state except when 
reading data from the device, or when checking the 
READY/BUSY status during a programming operation. 
The READY/BUSY status can be verified during an 
ERASE/WRITE operation by polling the DO pin; DO 
low indicates that programming is still in progress, 
while DO high indicates the device is ready. The DO 
will enter the HIGH-Z state on the falling edge of the 
CS. 

3.1 START Condition 


The START bit is detected by the device if CS and DI 
are both high with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (ERASE, ERAL, EWDS, EWEN, READ, WRITE, 
and WRAL). As soon as CS is high, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcodes, 
addresses, and data bits for any particular instruction is 
clocked in. 


FIGURE 3-1: SYNCHRONOUS DATA TIMING 
ViH 
ViL 


VIH 
VIL 
VIH 


VIL 


DO VOH 
(READ) 


Tsv 
DO VOH | 


VOL 


(PROGRAM) 
VOL 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new START condition is 
detected. 


3.2 Data In (Dl) and Data Out (DO) 


It is possible to connect the Data In (Dl) and Data 
Out (DI) pins together. However, with this configuration 
it is possible for a “bus conflict” to occur during the 
“dummy zero” that precedes the READ operation, if AO 
is a logic-high level. Under such a condition the voltage 
level seen at DO is undefined and will depend upon the 
relative impedances of DO and the signal source driv- 
ing AO. The higher the current sourcing capability of AO, 
the higher the voltage at the DO pin. 


3.3 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
3.8V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 3.8V at nominal conditions. 


The ERASE/WRITE Disable (EWDS) and ERASE/ 
WRITE Enable (EWEN) commands give additional 
protection against accidentally programming during 
normal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 


STATUS VALID 


Note: AC Test Conditions: Vit = 0.4V, VIH = 2.4V. 





(pa A RSA PN EE IES ES PR SES CE SES SST TE PR FT CCD BCD SE TI PR STI TROD A IE EE EPSP TO ER AEP IM, 
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3.4 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. This cycle begins 
on the rising clock edge of the last address bit. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical “O” indicates that program- 
ming is still in progress. DO at logical “1” indicates that 
the register at the specified address has been erased 
and the device is ready for another instruction. 


FIGURE 3-2: ERASE TIMING 





FIGURE 3-3: ERAL TIMING 





3.5 Erase All (ERAL) 


The Erase All (ERAL) instruction will erase the entire 
memory array to the logical “1” state. The ERAL cycle 
is identical to the ERASE cycle, except for the different 
opcode. The ERAL cycle is completely self-timed and 
commences at the rising clock edge of the last address 
bit. Clocking of the CLK pin is not necessary after the 
device has entered the ERAL cycle. ! 


The DO pin indicates the READY/BUSY status of the 
device, if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire ERAL cycie is com- 
plete. 


CHECK STATUS 


CHECK STATUS 
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3.6 ERASE/WRITE Disable and Enable 
(EWDS/EWEN) 


The device powers up in the ERASE/WRITE Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an ERASE/WRITE Enable (EWEN) instruc- 
tion. Once the EWEN instruction is executed, 
programming remains enabled until an EWDS instruc- 
tion is executed or VCC is removed from the device. To 
protect against accidental data disturbance, the EWDS 
instruction can be used to disable all ERASE/WRITE 
functions and should follow all programming opera- 
tions. Execution of a READ instruction is independent 
of both the EWEN and EWDS instructions. 


FIGURE 3-4: EWDS TIMING 


3.7 READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 8-bit (93C66A) or 16-bit 
(93C66B) output string. The output data bits will toggle 
on the rising edge of the CLK and are stable after the 
specified time delay (TPD). Sequential read is possible 
when CS is held high. The memory data will automati- 
cally cycle to the next register and output sequentially: 





FIGURE 3-5: EWENTIMING 





FIGURE 3-6: READTIMING 
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3.8 WRITE 


The WRITE instruction is followed by 8 bits (93C66A) 
or 16 bits (93C66B) of data which are written into the 
specified address. After the last data bit is clocked into 
the DI pin the self-timed auto-erase and programming 
cycle begins. 


The DO pin indicates the READY/BUSY status of the 
device, if CS is brought high after a minimum of 250 ns 
low (TCSL) and before the entire write cycle is com- 
plete. DO at logical “O” indicates that programming is 
still in progress. DO at logical “1” indicates that the reg- 
ister at the specified address has been written with the 
data specified and the device is ready for another 
instruction. 





FIGURE 3-7: WRITE TIMING 


3.9 Write All (WRAL) 


The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
at the rising clock edge of the last data bit. Clocking of 
the CLK pin is not necessary after the device has 
entered the WRAL cycle. The WRAL command does 
include an automatic ERAL cycle for the device. There- 
fore, the WRAL instruction does not require an ERAL 
instruction but the chip must be in the EWEN status. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 








FIGURE 3-8: WRALTIMING 
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93C66A/B PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


93C66A/B /P 


| ee Plastic DIP (300 mil Body), 8-lead 
Package: Plastic SOIC (150 mil Body), 8-lead 
Temperature -40°C to +125°C 
Range: 


93C66A 4K Microwire Serial EEPROM (x8) 

93CE66AT 4K Microwire Serial EEPROM (x8) Tape and Reel 
93C66B 4K Microwire Serial EEPROM (x16) 

93C66BT 4K Microwire Serial EEPROM (x16) Tape and Reel 


Device: 





Sales and Support 


Data Sheets 


| Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 
1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 


93AA7/6/86 





8K/16K 1.8V Microwire® Serial EEPROM 





FEATURES 


Singie supply operation down io 1.8V 
¢ Low power CMOS technology 
- 1 mA active current typical 
- 5uA standby current (typical) at 3.0V 
¢ ORG pin selectable memory configuration 
- 1024 x 8 or 512 x 16-bit organization 
(93AA76) 
- 2048 x 8 or 1024 x 16-bit organization 
(93AA86) 
Self-timed ERASE and WRITE cycles 
Automatic ERAL before WRAL 
Power on/off data protection circuitry 
Industry standard 3-wire serial I/O 
Device status signal during ERASE/WRITE 
cycles 
Sequential READ function 
1,000,000 ERASE/WRITE cycles guaranteed 
Data retention > 200 years 
8-pin PDIP/SOIC package 
Temperature ranges available: 
- Commercial (C): O°C to +70°C 


DESCRIPTION 


The Microchip Technology Inc. 93AA76/86 are 8K and 
16K low voltage serial Electrically Erasable PROMs. 
The device memory is configured as x8 or x16 bits 
depending on the ORG pin setup. Advanced CMOS 
technology makes these devices ideal for low power 
non-volatile memory applications. These devices also 
have a Program Enable (PE) pin to allow the user to 
write protect the entire contents of the memory array. 
The 93AA76/86 is available in standard 8-pin DIP and 
8-pin surface mount SOIC packages. 


e 


Microwire is a registered trademark of National Semiconductor Incorporated. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
1.1. Maximum Ratings* 
VOC eecessssee Se ne tases eens 7.0V Chip i 
All inputs and outputs wart. VSS oe -0.6V to Vec +1.0V Serial Data Clock 
Storage temperature .............ccccsssessessseeseees -65°C to +150°C Serial Data Input 
Ambient temp. with power applied.............. -65°C to +125°C Serial Data Output 
Soldering temperature of leads (10 seconds)............. +300°C Ground 
ESD protection on alll Pins... sssessssseeesssetesereeseseees 4kV Memory Configuration 
*Notice: Stresses above those listed under “Maximum ratings” Program Enable 
may cause permanent damage to the device. This is a stress rat- Power Supply 
ing only and functional operation of the device at those or any = 
other conditions above those indicated in the operational listings 1.2 AC Test Conditions 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability AC Waveform: 
VLO = 2.0V 
VHI = Vec - 0.2V (Note 1) 
VHI = 4.0V for (Note 2) 


Timing Measurement Reference Level 
Input 0.5 Vcc 
Output 0.5 Vcc 


Note 1: For Vcc < 4.0V 
2: For Vcc > 4.0V 


TABLE 1-2: DC CHARACTERISTICS 


Applicable over recommended operating ranges shown below unless otherwise noted: 


Vcc = +1.8V to +6.0V 
Commercial (C): Tamb = 0°C to +70°C 
Parameter | Symbol | Min. | Max. | Units [Conditions 
High level input voltage | Vini | 20 | Vec+t | V_ |Vec=27V 
alata mibici Se ee re Pane 
Lewlevelinputvotage | _Yus_|_08_ 
| vi | 08 | 0. | 


ViL2 Vcc <2.7V 
Low level output voltage | Vou [| 
| Voz | — | lo. =100 uA; Vcc = Vcc Min. 
Iu 
ILO 


V 
| 04 | VV flo=2imAVec=45V 
Os ev od 
High level output voltage 24 | — | V_ |lon=-400nA;Vec=45V 
| Vore | vooo2 | — | V_ |loH=-100HA;Vec=Vec Min. 
| 10 | A 
RO 


Output leakage current | to 


Pin capacitance CINT 
(all inputs/outputs 


| pA |VIN=0.1V to Vcc 
VouT = 0.1V to Vec 


pF (Note Note:) 
Tamb = +25°C, Fcik = 1 MHz 


p38 | mA Veo 5V 


m FCLK = 3 MHz; Vcc = 5.5V 
pA FCLK = 1 MHz; Vcc = 3.0V 


| 10 
= 


Operating current 


Standby current Iccs 100 pA CLK = CS = OV; Vcc = 5.5V 
30 LA CLK = CS = OV; Vcc = 3.0V 
DI = PE=Vss 
ORG = Vss or Vcc 


Note: This parameter is periodically sampled and not 100% tested. 
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TABLE 1-3: AC CHARACTERISTICS 


Applicable over recommended operating ranges shown below unless otherwise noted: 






| Voc = +1.8V to +6.0V 
Commercial (C): Tamb = 0°C to +70°C 


Clock frequency FcLkK 





jee | vite | condone 


MHz 4.5V <Vcc <6.0V 
MHz 2.5V < Vcc < 4.5V 
Mhz 18V <Vcc < 2.5V 

















Clock high time 


TCKH . 200 


500 


Clock low time TCKL 100 
200 
500 





ns 4.5V <Vcc <6.0V 
ns 2.5V <Vcc <4.5V 
ns 1.8V <Vcc < 2.5V 





Chip select setup time Tcss 50 4.5V <Vcc <6.0V, Relative to CLK 
100 2.5V <Vcc < 4.5V, Relative to CLK 
250 1.8V <Vcc < 2.5V, Relative to CLK 





Chip select hold time TCSH 
Chip select low time TCSL 250 


1.8V <Vcc <6.0V 
1.8V <Vcc <6.0V, Relative to CLK 


Data input setup time Tpls 50 4.5V <Vcc <6.0V, Relative to CLK 
100 2.5V <Vcc <4.5V, Relative to CLK 
250 1.8V <Vcc < 2.5V, Relative to CLK 

Data input hold time TDIH 50 4.5V <Vcc <6.0V, Relative to CLK 
100 2.5V <Vcc < 4.5V, Relative to CLK 
250 1.8V <Vcc < 2.5V, Relative to CLK 





| Data output delay time TPD 100 


Data output disable time | Tcz 


Status valid time TSV 


4.5V <Vcc <6.0V, CL= 100 pF 
2.5V <Vcc < 4.5V, CL = 100 pF 
1.8V <Vcc < 2.5V, CL = 100 pF 


4.5V <Vcc <5.5V (Note 1) 
1.8V <Vcc < 4.5V (Note 1) 


4.5V >Vcc <6.0V, CL= 100 pF 
2.5V <Vcc < 4.5V, CL = 100 pF 


500 





100 
500 


N 
oO 
88 : 


200 





500 


1.8V <Vcc < 2.5V, CL = 100 pF 


Program cycle time 


+ 
. 
1?) 


oi, 

= 
a) 
° 
°o 


TEC 


i) 
© 





+ 
7 
= 


Endurance 


Note 1: This parameter is periodically sampled and not 100% tested. 
2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


= 
© 
= 
Oo 
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0) 
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TABLE 1-4: INSTRUCTION SET FOR 93AA76: ORG=1 (X16 ORGANIZATION) 


Opcode Address Data Out 
jinstruction | SB | Opcode | __—Address_—_|_Datain | Data Out | 


29 
11x XX XXX XX 13 
Xx 13 
13 










Req. CLK Cycles 














aa a ee 
A8A7AGASA4A3A2A1A0 | —  |(RDY/BSY) | 13 | 
1oxXXXXXxXXX | — (|(RDvBSY) | 13 
X A8 A7 AG AS A4 A3 A2 Al AO D15- DO | (RDY/BSY) 
0 1X XX X X X X X D15- DO | (RDY/BSY) 


oOOXXXXXXXX | =  |Highz 


X AQ A8 A7 AG A5 A4 A3 A2 Ai AO 
1 






pro 
TTX XXXXXXX | — [Highz 
[XAG ABATAGASAAASAZATAO | _— | (RDV/BSY) _ 
ToxXxXXxX XXX xX | —  |(RDVBSY) 
(ROV/BSY) 
XXXXXXX | — [Highz 


fo (DIS OO) ee 
aie ee CT een Se | eee 
|= __|(RDY/BSY) | 

| = __|(RDV/BSY) | 


D15 - DO | (RDY/BSY) 
| — __[High-Z 


AQ A8 A7 AG A5 A4 AS A2 A AO 
1X XX X X XXK X 


13 


















pcode | Datain | Data Out | Req. CLK Cycles 
| 10 [A10A9A8A7A6A5A4A3A2A1A0 | — _ |D7-DO 
| oo tt at XX XX XXX xX | = HighZ | 
| 41 |A10 A9 AB A7 AB AS A4A3A2A1A0 | — __ |(RDY/BSY) | 
10xX xX xX xXx xX xXx] — | 


| 01 | A10 AQ A8 A7 A6 AS A4 A3 A2 Al AO | D7-DO | (RDY/BSY) 
| 00 |O 1X X X X X X X X_ | D7-DO |(RDY/BSY) 


(RDy/BsY) | 14 
oo xX xX XX xX XX X | — _ fHighz 


ea A YS SE AT SE a OSS A TE SEE EIN IE ET ET ET TS TC PT SE NG LT TEE PTL TROP EEE Pa TI IE SEED 
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2.0 PRINCIPLES OF OPERATION 


When the ORG pin is connected to Vcc, the x16 orga- 
nization is selected. When it is connected to ground, 
the x8 organization is selected. Instructions, addresses 
and write data are clocked into the DI pin on the rising 
edge of the clock (CLK). The DO pin is normally held in 
a high-Z state except when reading data from the 
device, or when checking the READY/BUSY status 
during a programming operation. The READY/BUSY 
status can be verified during an Erase/Write operation 
by polling the DO pin; DO low indicates that program- 
ming is still in progress, while DO high indicates the 
device is ready. The DO will enter the high impedance 
state on the falling edge of the CS. 


2.1 START Condition 


The START bit is detected by the device if CS and DI 


are both HIGH with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
Di may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction are clocked 
in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 


2.2 Di/DO 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict” to occur during the “dummy zero” 
that precedes the READ operation, if AO is a logic 
HIGH level. Under such a condition the voltage level 
seen at Data Out is undefined and will depend upon the 
relative impedances of Data Out and the signal source 
driving AO. The higher the current sourcing capability of 
AO, the higher the voltage at the Data Out pin. 





© 1998 Microchip Technology Inc. 


2.3 Erase/Write Enable and Disable 
(EWEN, EWDS) 


The 93AA76/86 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data disturb, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN 
and EWDS instructions. 


2.4 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 1.4V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during nor- 
mal operation. 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 
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3.0 . DEVICE OPERATION 
3.1. READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit 
(x8 organization) output string. The output data bits will 
toggle on the rising edge of the CLK:and are ‘stable 
after the specified time delay (TPb). Sequential read is 
possible when CS is held high and clock transitions 
continue. The memory address pointer will automati- 
cally increment and output data sequentially. 


3.2 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. The self-timed pro- 
gramming cycle is initiated on the rising edge of CLK as 
the last address bit (AO) is clocked in. At this point, the 
CLK, CS, and DI inputs become don't cares. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “0” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the register at the specified 
address has been erased and the device is ready for 
another instruction. 


The ERASE cycle takes 3 ms per word (Typical). 
3.3 WRITE 








The WRITE instruction is followed by 16 bits (or by 8 
bits) of data to be written into the specified address. 
The self-timed programming cycle is initiated on the ris- 
ing edge of CLK as the last data bit (DO) is clocked in. 
At this point, the CLK, CS, and DI inputs become don’t 
cares. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the register at the specified 
address has been written and the device is ready for 
another instruction. 





The WRITE cycle takes 3 ms per word (Typical). 


3.4 Erase All (ERAL) 


The ERAL instruction will erase the entire memory 
array to the logical “1” state. The ERAL cycle is identi- 
cal to the ERASE cycle except for the different opcode. 
The ERAL cycle is completely self-timed and com- 
mences on the rising edge of the last address bit (AO). 
Note that the least significant 8 or 9 address bits are 
don’t care bits, depending on selection of x16 or x8 
mode. Clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ERAL instruction is guaranteed at Vcc = +4.5V to 
+6.0V. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the entire device has been 
erased and is ready for another instruction. 





The ERAL cycle takes 15 ms maximum (8 ms typical). 


3.5 Write All (WRAL) 


The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
on the rising edge of the last address bit (AO). Note that 
the least significant 8 or 9 address bits are don’t cares, 
depending on selection of x16 or x8 mode. Clocking of 
the CLK pin is not necessary after the device has 
entered the self clocking mode. The WRAL command 
does include an automatic ERAL cycle for the device. 
Therefore, the WRAL instruction does not require an 
ERAL instruction but the chip must be in the EWEN sta- 
tus. The WRAL instruction is guaranteed at Vcc = 
+4.5V to +6.0V. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the entire device has been 
written and is ready for another instruction. 


The WRAL cycle takes 30 ms maximum (16 ms 
typical). 


eT 
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FIGURE 3-1: SYNCHRONOUS DATA TIMING 


VIH 
CS Tcss TCKH TCKL 
Vit 
ViIH TCSH 
CLK 
Vit TDIH 


TDIS 
oe OOK EK 
po. fae ne, 7 


(Read) yo. Tez 


DO VOH 
(Program) VoL STATUS VALID 


The memory automatically cycles to the next register. 


FIGURE 3-2: READ 







uo FLL LIL LL LL 
D CN 7 
- HIGH IMPEDANCE P (On) CPX Ba BX XB) 


FIGURE 3-3: EWEN 


TCSL 
CS / Nes aS. 


ORG=Vcc, 8 X’s 
ORG=Vs¢sz, 9 X's 





FIGURE 3-4: EWDS 


= 
7) 
— 
2) 
S. 
Oo 

i) 


ORG=Vec, 8 X's 
ORG=V¢g, 9 X'S 
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FIGURE 3-5: WRITE 


STANDBY 


; (o\ 


DO HIGH IMPEDANCE K 





FIGURE 3-6: WRAL 


DI PaO -4 0/ XX XK FX DN 


DO HIGH IMPEDANCE K BUSY.“ READY 


ORG=Vcc, 8 X's 
ORG=Vsz, 9 X's Guaranteed at Vcc = +4.5V to +6.0V. 





FIGURE 3-7: ERASE 


HIGH IMPEDANCE 


DO Se a ee 
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FIGURE 3-8: ERAL 


HIGH IMPEDANCE 
DO 


ORG=V¢co, 8 X's 
ORG=Vss, 9 X's 


4.0 PIN DESCRIPTIONS 
4.1 Chip Select (CS) 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated will be 
completed, regardless of the CS input signal. If CS is 
brought LOW during a program cycle, the device will go 
into standby mode as soon as the programming cycle 
is completed. 


CS must be LOW for 250 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


4.2 Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93AA76/86. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin- 
ued anytime with respect to clock HIGH time (TCKH) 
and clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 


CLK is a “Don't Care” if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycies can be received 
by the device without changing its status (i.e., waiting 
for START condition). 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all opcode, address, and data bits 
before an instruction is executed (see Table 1-4 





TANDBY 


} Tcz 
BUSY READY 


TEC 


Guaranteed at Vcc = +4.5V to +6.0V. 


through Table 1-7 for more details). CLK and DI then 
become don’t care inputs waiting for a new start condi- 
tion to be detected. 





4.3 Data In (Di 


Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


4.4 Data Out (DO) 


Data Out is used in the READ mode to output data syn- 
chronously with the CLK input (TPbD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available when CS is high. It will 
be displayed until the next start bit occurs as long as 
CS stays high. 


4.5 Organization (ORG) 


When ORG is connected to Vcc, the x16 memory 
organization is selected. When ORG is tied to Vss, the 
x8 memory organization is selected. There is an inter- 
nal pull-up resistor on the ORG pin that will select x16 
organization when left unconnected. 


4.6 Program Enable (PE) 


This pin allows the user to enable or disable the ability 
to write data to the memory array. If the PE pin is 
floated or tied to Vcc, the device can be programmed. 
If the PE pin is tied to Vss, programming will be inhib- 
ited. There is an internal pull-up on this device that 
enables programming if this pin is left floating. 


enn TI DI SESS SAE SPS RS STP FO A RS SA 
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93AA76/86 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


93AA76/86 — 


Package: ne PDIP 


Plastic SOIC (150) mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: 


93AA76/86 Microwire Serial EEPROM 


Device: 93AA76/86T —_ Microwire Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office: 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip Worldwide Web Site (www.microchip.com) 
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8K/16K 2.5V Microwire® Serial EEPROM 





FEATURES 


e 


Singie suppiy with programming operation down 
to 2.5V 

Low power CMOS technology 

- 1 mA active current typical 

- 5 uA standby current (typical) at 3.0V 


ORG pin selectable memory configuration 
1024 x 8 or 512 x 16 bit organization (93LC76) 
2048 x 8 or 1024 x 16 bit organization (93LC86) 


Self-timed ERASE and WRITE cycles 
(including auto-erase) 


Automatic ERAL before WRAL 
Power on/off data protection circuitry 
Industry standard 3-wire serial I/O 


Device status signal during ERASE/WRITE 
cycles 


Sequential READ function 

1,000,000 ERASE/WRITE cycles guaranteed 
Data retention > 200 years 

8-pin PDIP/SOIC package 

Temperature ranges available 


- Commercial (C) O°C to +70°C 
- Industrial (I) -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 93LC76/86 are 8K and 
16K low voltage serial Electrically Erasable PROMs. 
The device memory is configured as x8 or x16 bits 
depending on the ORG pin setup. Advanced CMOS 
technology makes these devices ideal for low power 
non-volatile memory applications. These devices also 
have a Program Enable (PE) pin to allow the user to 
write protect the entire contents of the memory array. 
The 93LC76/86 is available in standard 8-pin DIP and 


8-pin surface mount SOIC packages. 


Microwire is a registered trademark of National Semiconductor Incorporated. 


© 1998 Microchip Technology Inc. | 


PACKAGE TYPES 


DIP Package 





Preliminary 





BLOCK DIAGRAM 
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Address 
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Counter 
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1.0 ELECTRICAL 


CHARACTERISTICS 

1.1 | Maximum Ratings* 

VCC acess cA tec oat tee tcess aude creseces teeene eerste meauedbaeatd 7.0V 
All inputs and outputs w.r.t. VSS «0.0.0.0... -0.6V to Vcc +1.0V 
Storage teMPerature .........eeceereneceseereeeeeeens -65°C to +150°C 
Ambient temp. with power applied................. -65°C to +125°C 
Soldering temperature of leads (10 seconds) ............. +300°C 
ESD protection On alll PinS............ccscesssssesssssssssnscnneeees 4kV 


*Notice: Stresses above those listed under “Maximum ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability 


TABLE 1-2: DC CHARACTERISTICS 





Vcc = +2.5V to +6.0V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): § Tamb = -40°C to +85°C 













Low level input voltage 












Pin capacitance CINT 
(all inpbuts/outputs) 


Operating current 












Standby current 


nae [Fanon 


Applicable over recommended operating ranges shown below unless otherwise noted: 


Parise | Symbot [win [| Wax | Ute [Condens 
High level input voltage = [Vin1 | 2.0 | Vec+t | OV [Vec>27V 
a Vine | a7Vec | Veo+t | Vi |voc<27v 
| | 03 | 08 | Vi |vecza7v 

Viz | 03 | o2vec | Vi |vec<27V 

towlevelouputvetiage Weir _{_—__1_04_1}_v_liot= 2.4 mai Yoo = 4.5¥—_ 
Voz | 

| 24 | 


Voz | 02 | | 
High level output voltage 2.4 | oo | vi | lOH = -400 pA; Vcc = 4.5V 
ore feeweees 


Input leakage current Iu -10 VIN = 0.1V to Vcc 
Output leakage current ILO -10 VouT = 0.1V to Vcc 


. 7 pF (Note Note:) 
Tamb = +25°C, Fc.ik = 1 MHz 


Icowrite | — | 3 | mA |Vec=55V 0 


icc read 4 mA 
500 yA 


Iccs pA 
A 


TABLE 1-1: PIN FUNCTION TABLE 














Chip Select 
Serial Data Clock 
Serial Data Input 
Serial Data Output | 
Ground 

Memory Configuration 
Program Enable 
Power Supply- 


1.2 _AC Test Conditions 


AC Waveform: 
VLO = 2.0V 
VHI = Vcc - 0.2V (Note 1) 
VHI = 4.0V for (Note 2) 


Timing Measurement Reference Level 
Input 0.5 Vcc 
Output 0.5 VCC - 


Note 1: For Vcc < 4.0V 
2: For Vcc > 4.0V 










OL =100 pA; Vcc = Vcc Min. 
loH = -100 WA; Vcc = Vcc Min. 





FCLK = 3 MHz; Vcc = 5.5V 
FCLK = 1 MHz; Vcc = 3.0V 
CLK = CS = OV; Vcc = 5.5V 
CLK = CS = OV; Vcc = 3.0V 
DI = PE=Vss 

ORG = VSS or VCC 








Note: This parameter is periodically sampled and not 100% tested. 








DS21131D-page 4-82 


Preliminary | 


© 1998 Microchip Technology Inc. 


93LC76/86 





TABLE 1-3: AC CHARACTERISTICS 


Applicable over recommended operating ranges shown below unless otherwise noted: 
Vcc = +2.5V to +6.0V 

Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): | Tamb = -40°C to +85°C 


Parameter symbol | Min. | Max.__| Units [Conditions | 
Clock frequency FCLK 3 MHz /|4.5V <Vcc <6.0V 
2. MHz |2.5V <Vcc<4.5V 


Clock high time TCKH 200 —_— ns 4.5V <Vcc <6.0V 
300 ns 2.5V <Vcc <4.5V 


Clock low time TCKL 100 
200 2.5V <Vcc <4.5V 
100 2.5V <Vcc <4.5V, Relative to CLK 






















Chip select hold time _—|TosH_— | 0 | ieee iaier Seka 
Chip select low time TCSL | 250 | — | Relative to CLK 


| | 100 2.5V <Vcc <4.5V, Relative to CLK 
hoa a RSE aims 
100 2.5V <Vcc < 4.5V, Relative to CLK 
4.5V <Vcc <6.0V, CL= 100 pF 
2.5V <Vcc < 4.5V, CL = 100 pF 


CORES 4.5V <Vcc <6.0V 

500 | 2.5V <Vcc <4.5V (Note 1) 
4.5V >Vcc <6.0V, CL = 100 pF 
2.5V <Vcc <4.5V, CL = 100 pF 





Data output delay time TPD 
Data output disable time | Tcz 


‘ 


ERASE/WRITE mode 
ERAL mode 
WRAL mode 


Endurance 1M cycles | 25°C, Vcc = 5.0V, Block Mode 
(Note 2) 


Note 1: This parameter is periodically sampled and not 100% tested. 
2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be found on our website. 


WC 


Program cycle time 


i Sail BB 
300 

Powe | ms 

. oecen as 

eed | ms 





ms 


WL 


i 
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TABLE 1-4: INSTRUCTION SET FOR 93LC76: ORG=1 (1X16 ORGANIZATION) | 
Req. CLK 
Cycles - 


[READ | 4 | 10_*[ X_A8 A7 AG AS A4 AB A2 Ai AOL — | | 29 
EWEN | 1 | 000 [47 4 XX X XX XX XP —  [HighZ | 13 
ERASE | 1 | 11 =| X_A8 A7 AG AS A4 AB AZ AI AO] =— | (RDV/BSY) | 13 | 
ERAL | 7 | oo =|1 oO X X XX xX xX xX Xf — [(RDvBSY) | 13 
write [| 4 | 01 | X_A8 A7 AG AS A4 AB AZ At AO| D15-Do [(RDV/BSY) | 29 
wraL | 1 | 000 X_X_X_X _X |D15-Do |(RDY/BSY) | 29 
jEwos | i | 00 JO oO XX XX xX XX XL = [Highz | 13 


TABLE 1-5: INSTRUCTION SET FOR 93LC76: ORG=0 (X8 ORGANIZATION) 








o 
oO 
Rix 
oo 


—_ 
>) 


N 
o® 
on 
> 
& 
Go 


oO 
~< 
x< 
x< 


READ | 1 | 10 | X_AQ AB _A7 AG AS A4 ABS AZ AI AO] —  |D7-DO_ | 22 
EWEN | 1 | oO ]4 1 X X XX XX XX | 
|X_A9 AB _A7 AG AS A4 AB AZ AI AO] —  [(RDY/BSY) | 14 | 
ERAL | 1 | 00 ]4 0 X X XX XX xX xX | — |(ROWesY) | 14 | 
X_AQ AS _A7 A A3 A2 Ai AO| D7-Do |(RDY/BSY) | 22 | 
WRAL | 7 | 00 =O 1 XX XX X X X X_ | D7-dO |(ROWBSY) | 22 
X X 


X 2 
Xx | = [Highz [4 










READ | 1 | 10 _|A9 AS A7 AG AS A4 AB AZ AT AO] — [D15-DO [| 29 
EWEN [1 {| 00 X_X X X High-Z | 13 
ERASE | 1 | 11 [AQ A8 A7 AG AS A4 AB AZ AI AO] = — _ |(RDY/BSY) | 13 
JERAL | 1 | 00 [1 0 X X X X X X X X| — ([(RDYBSY) | 13 | 
WRITE | 1 | 01 _[A9 A8 A7 AG AS A4 AB AQ Al AO| D15-DO |(RDY/BSY) | 29 
WRAL | 7 | 00 ~|o 41 X X X X X X X X|DI5-DoO[(RDY/BSY) | 29 

6: 


TABLE 1-7; INSTRUCTION SET FOR 93LC86: ORG=0 (X8 ORGANIZATION) 


Req. CLK 
mans enon] name (on | oa | 


o | 
| 
& || 
oi 
oS 
x< 
x< 
= 
<a 
=. 
N 









N 
|x 
o1 
AS 





x< 








wo |x< 








READ | 1 | 610 [A10 AQ AB A7 AG AS A4 AS AZ Ai AO] — [D7-DO_ | 22 
EWEN | 1 | oo [1 4X XX XX xX XxX | = |Highz | 14 | 
[ERASE | 1 | 11 |A10 AQ AB A7 AG AS A4 AS AZ At AO| — | (ROV/BSY)| 14 
ERAL | 7 | 00 | 7 oO XX XX XX xX xX | — |[(ROWBSY)| 14 
WRITE | 1 | 01 |A10 AQ AB A7 AG AS A4 AB A2 Al AQ! D7-DO |(RDV/BSY) | 22 

| oo |o 41 xX X X X X X xX X_ | D7-DO|(RDYBSY)| 22 

| oo |o o xX XxX XXX xX xX | = fHighz [14 


SR SEES SATE EL CO TLE ITT BER IIT TIA ESET EE SEER TE SE TE SI TS ETT ES SESE EG TE IE TO TE TFS I PRI SE A TT TE I EE YE OT EI BERD ET OSES SOS 
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2.0 PRINCIPLES OF OPERATION 


When the ORG pin is connected to Vcc, the x16 orga- 
nization is selected. When it is connected to ground, 
the x8 organization is selected. Instructions, addresses 
and write data are clocked into the DI pin on the rising 
edge of the clock (CLK). The DO pin is normally held in 
a high-Z state except when reading data from the 
device, or when checking the READY/BUSY status 
during a programming operation. The READY/BUSY 
status can be verified during an Erase/Write operation 
by polling the DO pin; DO low indicates that program- 
ming is still in progress, while DO high indicates the 
device is ready. The DO will enter the high impedance 
state on the falling edge of the CS. 


2.1 START Condition 


The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction are clocked 
in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 


2.2 DI/DO 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict” to occur during the “dummy zero” 
that precedes the READ operation, if AO is a logic 
HIGH level. Under such a condition the voltage level 
seen at Data Out is undefined and will depend upon the 
relative impedances of Data Out and the signal source 
driving AO. The higher the current sourcing capability of 
AO, the higher the voltage at the Data Out pin. 


a a a a Se eee ee 


Preliminary 


© 1998 Microchip Technology Inc. 


2.3 Erase/Write Enable and Disable 
(EWEN, EWDS) 


The 93LC76/86 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data disturb, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow ail programming operations. Execution of a 
READ instruction is independent of both the EWEN 
and EWDS instructions. 


2.4 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 1.4V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during nor- 
mal operation. . ; 


After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 
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3.0 DEVICE OPERATION 
3.1 READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit 
(x8 organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable 
after the specified time delay (TPD). Sequential read is 
possible when CS is held high and clock transitions 
continue. The memory address pointer will automati- 
cally increment and output data sequentially. 


3.2 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. The self-timed pro- 
gramming cycle is initiated on the rising edge of CLK as 
the last address bit (AO) is clocked in. At this point, the 
CLK, CS, and DI inputs become don’t cares. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the register at the specified 
address has been erased and the device is ready for 
another instruction. 


The ERASE cycle takes 3 ms per word (Typical). 
3.3 WRITE 


The WRITE instruction is followed by 16 bits (or by 8 
bits) of data to be written into the specified address. 
The self-timed programming cycle is initiated on the ris- 
ing edge of CLK as the last data bit (DO) is clocked in. 
At this point, the CLK, CS, and DI inputs become don’t 
cares. 


The DO pin indicates the READY/BUSY status of the 
_ device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the register at the specified 
address has been written and the device is ready for 
another instruction. 


The WRITE cycle takes 3 ms per word (Typical). 


3.4 ‘Erase All (ERAL) 


The ERAL instruction will erase the entire memory 
array to the logical “1” state. The ERAL cycle is identical 
to the ERASE cycle except for the different opcode. 
The ERAL cycle is completely self-timed and com- 
mences on the rising edge of the last address bit (AO). 
Note that the least significant 8 or 9 address bits are 
don’t care bits, depending on selection of x16 or x8 
mode. Clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ERAL instruction is guaranteed at Vcc = +4.5V to 
+6.0V. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the entire device has been 
erased and is ready for another instruction. 


The ERAL cycle takes 15 ms maximum (8 ms typical). 


3.5 Write All (WRAL) 


The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
on the rising edge of the last address bit (AO). Note that 
the least significant 8 or 9 address bits are don’t cares, 
depending on selection of x16 or x8 mode. Clocking of 
the CLK pin is not necessary after the device has 
entered the self clocking mode. The WRAL command 
does include an automatic ERAL cycle for the device. 
Therefore, the WRAL instruction does not require an 
ERAL instruction but the chip must be in the EWEN sta- 
tus. The WRAL instruction is guaranteed at Vcc = 
+4.5V to +6.0V. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 





be displayed on the DO pin until the next start bit is 


received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the entire device has been 
written and is ready for another instruction. 


The WRAL cycle takes 30 ms maximum (16 ms typi- 
Cal). 


a A RA eR SEE TAT EE A SII PAS TEI EE TET LINE I ESE SE ET ES ESSEC SE PE IE TR, TELS SEE IST OEE LT PAE IETS 
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FIGURE 3-1: SYNCHRONOUS DATA TIMING 


ViH 
CS TCss TCKH TCKL 

Vit 

VIH TCSH 
CLK 

Vit Tis TDIH 

\ 

a > Ga ae ee, eee 

[Ten =—| Tz 
DO Vo TPD 

TSV Tez 

DO VOH 


The memory automatically cycles to the next register. 


FIGURE 3-2: READ 
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FIGURE 3-3: EWEN 


aaa aaa) ae mms OO) acerca ae 
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men 


ORG=Vcc, 8 X’s 
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FIGURE 3-4: EWDS 
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FIGURE 3-5: WRITE 
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. (a 


HIGH IMPEDANCE 
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FIGURE 3-6: WRAL 


DI J/i1\0 0 0 / NX GX XOX GX DN 


HIGH IMPEDANCE 
ne 


ORG=Vec, 8 X's 
ORG=Vszg, 9 X's Guarantee at Vcc = +4.5V to +6.0V. 


FIGURE 3-7: ERASE 
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FIGURE 3-8: ERAL 


CS 


STANDBY 


DI 1\o0 0/1 \0 


HIGH IMPEDANCE 
DO 


ORG=VCC, 8 X's 
ORG=VSS, 9 X's Guaranteed at VCC = +4.5V to +6.0V. 


4.0 PIN DESCRIPTIONS 
4.1 Chip Select (CS 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated will be 
completed, regardless of the CS input signal. If CS is 
brought LOW during a program cycle, the device will go 
into standby mode as soon as the programming cycle 
is completed. 


CS must be LOW for 250 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


4.2 Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93LC76/86. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin- 
ued anytime with respect to clock HIGH time (TCKH) 
and clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 


CLK is a “Don't Care” if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 
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Lx 
2 ZS 


BUSY READY 


TEC 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all opcode, address, and data bits 
before an instruction is executed (see Table 1-4 
through Table 1-7 for more details). CLK and Di then 
become don't care inputs waiting for a new start condi- 
tion to be detected. 





4.3 Data In (DI 


Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


4.4 Data Out (DO 


Data Out is used in the READ mode to output data syn- 
chronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available when CS is high. It will 
be displayed until the next start bit occurs as long as 
CS stays high. 


4.5 Organization (ORG) 


When ORG is connected to Vcc, the x16 memory orga- 
nization is selected. When ORG is tied to Vss, the x8 
memory organization is selected. There is an internal 
pull-up resistor on the ORG pin that will select x16 
organization when left unconnected. 


4.6 Program Enable (PE) 


This pin allows the user to enable or disable the ability 
to write data to the memory array. If the PE pin is 
floated or tied to Vcc, the device can be programmed. 
If the PE pin is tied to Vss, programming will be inhib- 
ited. There is an internal pull-up on this device that 
enables programming if this pin is left floating. 
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93L.C76/86 Product Identification System 


To order or obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales office. 


93LC76/86 — 


| P = Plastic DIP (300 mil Body), 8-lead 
Package: SN = Plastic SOIG (150 mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: | = -40°C to +85°C 


Device: 93LC76/86 Microwire Serial EEPROM 
93LC76T/86T Microwire Serial EEPROM (Tape and Reel) 





Sales and Support | 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip Worldwide Web Site (www.microchip.com) 
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MicROCHIP 93 C76/86 


8K/16K 5.0V Microwire® Serial EEPROM 








FEATURES | PACKAGE TYPES 


¢ Single 5.0V supply DIP Package 
e Low power CMOS technology 


- 1 mA active current typical 


¢ ORG pin selectable memory configuration 
1024 x 8- or 512 x 16-bit organization (93C76) 
2048 x 8- or 1024 x 16-bit organization (93C86) 


¢ Self-timed ERASE and WRITE cycles 
(including auto-erase) 


e Automatic ERAL before WRAL 
¢ Power on/off data protection circuitry 
e Industry standard 3-wire serial I/O 


Device status signal during ERASE/WRITE 
cycles 


Sequential READ function 

¢ 1,000,000 ERASE/WRITE cycles guaranteed 
Data retention > 200 years 

8-pin PDIP/SOIC package 

¢ Temperature ranges supported 


© 
7 
2) 
o 
oo 
o 
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- Commercial (C): 0°C to +70°C 

- Industrial (I): -40°C to +85°C 

- Automotive (E) -40°C to +125°C 
DESCRIPTION 


The Microchip Technology inc. 93C76/86 are 8K and 
16K low voltage serial Electrically Erasable PROMs. 
The device memory is configured as x8 or x16 bits 
depending on the ORG pin setup. Advanced CMOS 
technology makes these devices ideal for low power 
non-volatile memory applications. These devices also 
have a Program Enable (PE) pin to allow the user to 
write protect the entire contents of the memory array. 
The 93C76/86 is available in standard 8-pin DIP and 8- 
pin surface mount SOIC packages. 


Data 
Register 


Generator 


Microwire is a registered trademark of National Semiconductor Incorporated. 
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1.0 ELECTRICAL TABLE 1-1: PINFUNCTION TABLE — 


CHARACTERISTICS 
1.1. Maximum Ratings* | ’ Chip Select 
oe Fay Serial Data Clock 
All inputs and outputs w.r.t. VSS ....... -0.6V to Vcc +1.0V ste ae As ' : 
Storage teMpPerature ..........ecsssssereeererenreees 65°C to +150°C ae 
Ambient temp. with power applied................. -65°C to +125°C Ground 
Soldering temperature of leads (10 seconds) ............. +300°C Memory Configuration 
ESD protection on alll Pins........ccccccccssseesesseesssscersesnees 4kV Program Enable 





Power Supply 
1.2 AC Test Conditions 


*Notice: Stresses above those listed under “Maximum ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 


of this specification is not implied. Exposure to maximum rating AC Waveform: 

conditions for extended periods may affect device reliability VLO = 2.0V 
VHI = Vec - 0.2V (Note 1) 
VHI = 4.0V for (Note 2) 


Timing Measurement Reference Level 
Input 0.5 Vcc 
Output 0.5 Vcc 


Note 1: For Vcc < 4.0V © 
2: For Vcc > 4.0V 


TABLE 1-2: DC CHARACTERISTICS 





Applicable over recommended operating ranges shown below unless otherwise noted: 
Vcc = +4.5V to +5.5V 

Commercial (C): Tamb = 0°C to -40°C 

| Industrial (1): Tamb = -40°C to +85°C 

Automotive (E): |= Tamb = -40°C to +125°C 


Parameter Min, | Max. | Units [Conditions 
[High levelinputvottage [Vi [2.0 | Voo+t | ee! 












































Low level input voltage 
lo. = 2.1 mA; Vcc = 4.5V 


L08e =| 
bewleveloupuivetage joes _f_—_ 
loL =100 yA; Vcc = 4.5V 
| 


| 08 
feo] 

|High level output voltage [Von | 24 | 

Vor2 | Voo02 | 

Inputleakage current |iuu_— | 10 | 10 
aaa 


Pin capacitance CINT 
(all inputs/outputs) 


2.0 
2.4 
-10 
F (Note) 
Tamb = +25°C, Foik = 1 MHz 
Operating current Icc write | | | 


FCLk = 2 MHz; Vcc = 5.5V 
FCLK = 2 MHz; Vcc = 5.5V 


p 


Note: This parameter is periodically sampled and not 100% tested. 








Standby current CLK = CS = OV; Vcc = 5.5V 
DI=PE=Vss 


ORG = Vss or Vcc 
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TABLE 1-3: © AC CHARACTERISTICS 





Applicable over recommended operating ranges shown below unless otherwise noted: 
Vcc = +4.5V to +5.5V 

Commercial (C): | Tamb = 0°C to -40°C 
Industrial (I): Tamb = -40°C to +85°C 
Automotive (E): Tamb = -40°C to +125°C 


Parameter | Symbol | Min. | Max. | Units [Conditions 






























|Clock frequency = [Feuk = | OO | | MH 
Clock hightime [Tox | 300, | Os 
Ciock iow time 200 = ns 
[Chip select setuptime _|Tcss__—|_ 50 | =~ — |i, ([RelativetoCLK 
Chip selectholdtime _—|TosH_— | oo | CO | rs P| 
Chip selectiowtime _—|Tos._—s|_— 250 | = | ins_|RelativetoCLK 
Data inputsetuptime [Tos | 100~—s| =~ || RelativetoCLK 
too | — | ns |RelativetoCLk 
Datacutputdelaytime [Teo | = | 400] ns, C= 100pF 
Data output disable time [Tez | ~=— | 100 —«|_—ons,([(Notet) 
[Status vaidtime —_[Tsv_| | 500 | ns [Ci=100pF 
Program cycle time qe __{_—_}_10._ms._ERASEAWRITE mode (Mole 2) 
Tec | = | 15 | ms _| ERAL mode | 
Tu | — | 30 | ms |WRALmode 
se Nad i 
(Note 3) 


Note 1: This parameter is periodically sampled and not 100% tested. 
2: Typical program cycle is 4 ms per word. 
3: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


© 1998 Microchip Technology Inc. DS21132D-page 4-93 


= 
© 
=< 
\e) 
=. 
o 
@ 








93C76/86 





TABLE 1-4: INSTRUCTION SET FOR 93C76: ORG=1 (X16 ORGANIZATION). 3 


[instruction | SB | Opcode | ___—__— Address |_Datain | Data Out | Reg. CLK Cycles | 
FREAD | 1 [10 [XABA7ABASAGASAZATAO | — [D15-DO_ __29 

EWEN | 4 [| 00 [44 XX XXXXXX | = [HighZ 
ERASE | 1 | 11 [XABA7AGASAGAZAZA1AO | = — _—((RDY/BSY) | 13 
ERAL | 4 | 00 [4 OX XXXXXXX | — |RDvesy) | 13 
Write | 1 | 01 |XABA7AGASAZASZAZA1AO | D15-DO |(RDY/BSY) | 29 
| 00 | [Steer (ieee 
00% | 

































WRAL 0 1X XX XXX X X__ | D15-Do | (RDY/BSY) 
EWDS 0 | =f High-Z 


TABLE 1-5: INSTRUCTION SET FOR 93C76: ORG=0 (X8 ORGANIZATION) 


Opcode Address Data Out Req. CLK 
Cycles 
[READ 


OX X X X X X XK X 

















READ X 


Pi | 10 [XAQABA7AGASASAZAZA1A0 | — |D7-DO | 22 

EWEN | 17 | 00 [1 1XXXXXXXXX | — [HighZ | 14 

ERASE | 1 | 11 [| XAQABATAGASAGAZAZATAO | — [(RDV/BSY) | 14 

ERAL | 1 | 00 |10XXXXXXXXX | — | 

WRITE ={ 4 [ 01 | XA9A8A7A6A5A4 AB A2 Al AO RDY/BSY) 
0 


10 
11 
RDY/BSY) | 14 | 
01 
WRAL | 1 | 00 JO 1 XXX XXX XXX | D7-DO 
| oo |oOoOXXXXXXXXxX | — fHighz | 14 | 


EWDS |. 4 


TABLE 1-6: INSTRUCTIO 


Instruction | $B | Opcode | Address |_Datain | Data Out _ 
READ | 1 





z 
7) 
m 
4+ ix 
"Ti 
O 
D 
© 
Co} 
re) 
fe °] 
oD 
oO 
yD 
G) 
il 
ond, 
X 
r ¥ 
Oo 
© 
D 
4) 
> 
i 
Ni 
> 
= 
oO 
= 





READ 1 [10 [A9ABATAGASA4AZAZATAO | —  [D15- DO” 
EWEN | 1 | 00 [41 XXXXXXXX | = [Highz [| 13 
ERASE | 1 | 11 |AQABATAGASBAGAZAZAIAO | —  |(RDY/BSY) | 13 
Fe re ee 
WRITE | 1 | 01 [AQ AB A7 AB AS A4 AS A2 At AO 
wRAL | 47 {| 00 [0.1 X X X X X XX X_| D15-DO | (RDY/BSY) | 

ewos | 1 | oF jooXXXxXxXxXxXxX [| = fHighzZ | 


TABLE 1-7: INSTRUCTION SET FOR 93C86: ORG=0 (X8 ORGANIZATION) 


|Opcode | ___—__Address_——| Datain | Data Out _|Req. CLK Cycles 


| 1 | 10 |AIDADABATABASA4AZAZA1AO | — |D7-DO | 22 
EWEN {| 1 | 00 [4 1xXXXXXXXXX [| — |Highz | 14 | 
| 1 | 11 |AI0A9AB8A7ZAGASA4AZA2A1A0 | —  |(RDY/BSY) | 14 
1OXXXXXXX XX | — _|(RDY/BSY) | 14 
20 
14 











| 1 | oo {1 a 
| 1 | 01 [A109 A8A7AGASA4AZAZA1AO | D7-D0 |(RDV/BSY) | 22 
wRaL | 1 | oo JO 1 XXX XXX XXX | D7-DO|(RDVBSY) | 22 
pi | o jooxxxXxxxxxx | — JHighz | 4 | 





AA TL NTT TITEL EE TE SP ES TR I EE I OE TE EE PO a EIT TS SE SES EP EES PPT SS ER I SET RE SEI BE TS TST I SAEED 


DS21132D-page 4-94 © 1998 Microchip Technology Inc. 


93C 76/86 





2.0 PRINCIPLES OF OPERATION 


When the ORG pin is connected to Vcc, the x16 orga- 
nization is selected. When it is connected to ground, 
the x8 organization is selected. Instructions, addresses 
and write data are clocked into the DI pin on the rising 
edge of the clock (CLK). The DO pin is normally held in 
a high-Z state except when reading data from the 
device, or when checking the READY/BUSY status 
during a programming operation. The READY/BUSY 
status can be verified during an Erase/Write operation 
by polling the DO pin; DO !ow indicates that program- 
ming is still in progress, while DO high indicates the 
device is ready. The DO will enter the high impedance 
state on the falling edge of the CS. 


2.1 START Condition 


The START bit is detected by the device if CS and DI 
are both HIGH with respect to the positive edge of CLK 
for the first time. = es 


Before a START condition is detected, CS, CLK, and 
DI may change in any combination (except to that of a 
START condition), without resulting in any device oper- 
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 





An instruction following a START condition will only be 
executed if the required amount of opcode, address 
and data bits for any particular instruction are clocked 
in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 


2.2 DI/DO 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a “bus conflict” to occur during the “dummy zero” 
that precedes the READ operation, if AO is a logic 
HIGH level. Under such a condition the voltage level 
seen at Data Out is undefined and will depend upon the 
relative impedances of Data Out and the signal source 
driving AO. The higher the current sourcing capability of 
AO, the higher the voltage at the Data Out pin. 


a SI PE EI PS EI TT FE TESTE TO SE SF ES RS A UES AE ES RO I SE SE EE IE SEL 
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2.3 Erase/Write Enable and Disable 
(EWEN, EWDS) 


The 93C76/86 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre- 
ceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data disturb, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN 
and EWDS instructions. 


2.4 Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when 
Vcc has fallen below 1.4V. 

The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during nor- 
mal operation. 

After power-up, the device is automatically in the 
EWDS mode. Therefore, an EWEN instruction must be 
performed before any ERASE or WRITE instruction 
can be executed. 


DS21132D-page 4-95 


= 
ic?) 
=, 
\e) 
= 
— 
4) 
(©) 














93C 76/86 


3.0 DEVICE OPERATION 
3.1 READ 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit 
(x8 organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable 
after the specified time delay (TPD). Sequential read is 
possible when CS is held high and clock transitions 
continue. The memory address pointer will automati- 
cally increment and output data sequentially. 


3.2 ERASE 


The ERASE instruction forces all data bits of the spec- 
ified address to the logical “1” state. The self-timed pro- 
gramming cycle is initiated on the rising edge of CLK as 
the last address bit (AO) is clocked in. At this point, the 
CLK, CS, and DI inputs become don’t cares. 





The DO pin indicates the READY/BUSY status of the . 





device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the register at the specified 
address has been erased and the device is ready for 
another instruction. 


The ERASE cycle takes 3 ms per word (Typical). 
3.3 WRITE 


The WRITE instruction is followed by 16 bits (or by 8 
bits) of data to be written into the specified address. 
The self-timed programming cycle is initiated on the ris- 
ing edge of CLK as the last data bit (DO) is clocked in. 
At this point, the CLK, CS, and Di inputs become don’t 
cares. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the register at the specified 
address has been written and the device is ready for 
another instruction. 


The WRITE cycle takes 3 ms per word (Typical). 


3.4 Erase All (ERAL) 


The ERAL instruction will erase the entire memory 
array to the logical “1” state. The ERAL cycle is identi- 
cal to the ERASE cycle except for the different opcode. 
The ERAL cycle is completely self-timed and com- 
mences on the rising edge of the last address bit (AO). 
Note that the least significant 8 or 9 address bits are 
don’t care bits, depending on selection of x16 or x8 
mode. Clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ERAL instruction is guaranteed at Vcc = +4.5V to 
+5.5V. 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the entire device has been 
erased and is ready for another instruction. 


The ERAL cycle takes 15 ms maximum (8 ms typical). 


3.5. Write All (WRAL) 


The WRAL instruction will write the entire memory 
array with the data specified in the command. The 
WRAL cycle is completely self-timed and commences 
on the rising edge of the last address bit (AO). Note that 
the least significant 8 or 9 address bits are don’t cares, 
depending on selection of x16 or x8 mode. Clocking of 
the CLK pin is not necessary after the device has 


_ entered the self clocking mode. The WRAL command 


does include an automatic ERAL cycle for the device. 
Therefore, the WRAL instruction does not require an 
ERAL instruction but the chip must be in the EWEN sta- 
tus. The WRAL instruction is guaranteed at Vcc = 
+4.5V to +5.5V. ; 


The DO pin indicates the READY/BUSY status of the 
device if the CS is high. The READY/BUSY status will 
be displayed on the DO pin until the next start bit is 
received as long as CS is high. Bringing the CS low will 
place the device in standby mode and cause the DO 
pin to enter the high impedance state. DO at logical “O” 
indicates that programming is still in progress. DO at 
logical “1” indicates that the entire device has been 
written and is ready for another instruction. 


The WRAL cycle takes 30 ms maximum (16 ms typi- 
Cal). 
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FIGURE 3-1: SYNCHRONOUS DATA TIMING 


Tcss TCKH TCKL 


| | | aes 


TDIH 


TbIS 


Vi 
Oe RL KKK 
TPD 


po Vo TPD 
(Read) yo. 
TSV Tez 
VOH 


DO | 


The memory automatically cycles to the next register. 





FIGURE 3-2: READ 
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FIGURE 3-3: EWEN 
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FIGURE 3-5: WRITE 
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FIGURE 3-6: WRAL 
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FIGURE 3-7: ERASE 
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FIGURE 3-8: ERAL 
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4.0 PIN DESCRIPTIONS 
4.1 Chip Select (CS) 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated will be 
completed, regardless of the CS input signal. If CS is 
brought LOW during a program cycle, the device will go 
into standby mode as soon as the programming cycle 
is completed. 


CS must be LOW for 250 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


4.2 Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93C76/86. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be contin- 
ued anytime with respect to clock HIGH time (TCKH) 
and clock LOW time (TcKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 


CLK is a “Don't Care” if CS is LOW (device deselected). 
lf CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received 
by the device without changing its status (i.e., waiting 
for START condition). 


CLK cycles are not required during the self-timed 
WRITE (i.e., auto ERASE/WRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions 
of CLK) must be provided. These clock cycles are 
required to clock in all opcode, address, and data bits 
before an instruction is executed (see Table 1-4 


5 TANDBY 


Guarantee at Vcc = +4.5V to +5.5V. 





through Table 1-7 for more details). CLK and DI then 
become don't care inputs waiting for a new start condi- 
tion to be detected. 





4.3 Data In (Dl 


Data In is used to clock in a START bit, opcode, 
address, and data synchronously with the CLK input. 


4.4 Data Out (DO) 


Data Out is used in the READ mode to output data syn- 
chronously with the CLK input (Tpb after the positive 
edge of CLK). 


This pin also provides READY/BUSY status informa- 
tion during ERASE and WRITE cycles. READY/BUSY 
status information is available when CS is high. It will 
be displayed until the next start bit occurs as long as 
CS stays high. 


4.5 Organization (ORG) 


When ORG is connected to Vcc, the x16 memory orga- 
nization is selected. When ORG is tied to Vss, the x8 
memory organization is selected. There is an internal 
pull-up resistor on the ORG pin that will select x16 
organization when left unconnected. 


4.6 Program Enable (PE) 


This pin allows the user to enable or disable the ability 
to write data to the memory array. If the PE pin is 
floated or tied to Vcc, the device can be programmed. 
If the PE pin is tied to Vss, programming will be inhib- 
ited. There is an internal pull-up on this device that 
enables programming if this pin is left floating. 
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93C76/86 Product Identification System ae 
To order or obtain information, €.9., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales office. 

93C76/86 — 


Plastic DIP (300 mil Body), 8-lead 


Package: Plastic SOIC (150 mil Body), 8-lead 


Temperature = 0°C to +70°C 


Range: -40°C to +85°C 
= -40°C to +125°C 


93C76/86 Microwire Serial EEPROM 
93C76T/86T Microwire Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 
SECTION 5 
SPI™™ SERIAL EEPROM 
PRODUCT SPECIFICATIONS 
25AA040 AK SPI™ Bus Serial EEPROM .........cccccccccscscescsceccesessscscescscsescssescsesseatsscseeucarsasass 5-1 
25LC040 4K SPI" Bus Serial EEPROM .........cccccccccccoscecceccsccecceccscessoscesssescsscacesccassaceuceucecees 5-1 
25C040 AK SPI™ Bus Serial EEPROM .....c.c.cccccccccccececcccscccccssscscescscsecsessesasacsecsecscaceacsceasaes 5-1 
25AA080 8K SPI" Bus Serial EEPROM ........cccccsccccsssesessesseseessssesseesssssesseeseesesneasssseseeneeses 5-13 
25LC080 8K SPI™ Bus Serial EEPROM ........cccccccccccessecesesescecescscscsescecessseeucscaccescseseeseaeans 5-13 
25C080 8K SPI" Bus Serial EEPROM ........cccccccccccoseccsceseccececcscccsesecseseseeeccecsceccacseseeseaeans 5-13 
25AA160 16K SPI™ Bus Serial EEPROM ......c.ccccccccccscossceccseccscscecscescecseseccacacecescscateaeaceees 5-25 
25LC160 16K SPI™ Bus Serial EEPROM ........c.cccccccccccscsceccesescscesescaceccececcsceacsceucsseceacerene 5-25 
25C160 16K SPI™ Bus Serial EEPROM .......ccccccccccccceccscecceccscscsessscesccececcaceccsecscseetsaceceas 5-25 
25LC320 32K SPI" Bus Serial EEPROM ..........ccccccccssescscsceccccecsceseseecscseseccsceusesacsceusecacecens 5-37 
25C320 32K SPI" Bus Serial EEPROM ......c.ccccccccccccsseccsceccccscscecececcscsesersecatcsacsceueeasecene 5-37 
25AA640 64K SPI" Bus Serial EEPROM ..........cccccccssssesecccceccscscecesescecseseccecacecsscscesescacecece 5-49 
25LC640 64K SPI"™ Bus Serial EEPROM ..........0ccccccccceccscsccscescssecsecscscscssescscascsesscaesccacsusees 5-49 
25C640 64K SPI" Bus Serial EEPROM ........ccccccccccscceccccececcecsceceseecsesesescecsecscscsceusecacecens 5-49 


SPI is a trademark of Motoroloa Corporation. 
ea aa a a cI a SE TA a er rT a eI a SO SE ae ee ore re aT TO 
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Miceseue 25AA040/25LC040/25C040 


4K SPI” Bus Serial EEPROM 








DEVICE SELECTION TABLE PACKAGE TYPES 


Part Vcc Max Clock Temp 
Range Frequency 


25AAOAO 












PDIP/SOIC 

















FEATURES 


e Low power CMOS technology 

- Write current: 3 mA typical 

- Read current: 500 yA typical 

- Standby current: 500 nA typical 
512 x 8 bit organization 

16 byte page 

Write cycle time: 5ms max. 
Self-timed ERASE and WRITE cycles 
Block write protection 

- Protect none, 1/4, 1/2, or all of array 
¢ Built-in write protection 


- Power on/off data protection circuitry BLOCK DIAGRAM 


- Write enable latch 


- Write protect pin 
¢ Sequential read | Register 
High reliability 
- Endurance: 1M cycles (guaranteed) 
- Data retention: > 200 years 
- ESD protection: > 4000 V EEPROM 


8-pin PDIP, SOIC, and TSSOP packages 


OvOXXSz 





1/O Control 

¢ Temperature ranges supported: Logic pay 

- Commercial (C): 0°C to +70°C 

- Industrial (I): -40°C to +85°C 

- Automotive (E) (25C040): -40°C to +125°C Page Latches Page Latches 
DESCRIPTION 
The Microchip Technology Inc. 25AA040/25LC040/ 
25C040 (25xx040) is a 4K bit serial Electrically Eras- 


able PROM. The memory is accessed via a simple 
Serial Peripheral Interface (SPI) compatible serial bus. 
The bus signals required are a clock input (SCK) plus 
separate data in (SI) and data out (SO) lines. Access to R/W Control 

the device is controlled through a chip select (CS) 
input. 





‘Communication to the device can be paused via the 
hold pin (HOLD). While the device is paused, transi- 
tions on its inputs will be ignored, with the exception of 
chip select, allowing the host to service higher priority 
interrupts. Also, write operations to the device can be 
disabled via the write protect pin (WP). 





*25xx040 is used in this document as a generic part number for the 25AA040/25LC040/25C040 devices. 
SPI is a trademark of Motorola. 
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1.0 ELECTRICAL FIGURE 1-2: AC TEST CIRCUIT 
| CHARACTERISTICS | | Vcc 

1.1 Maximum Ratings“ 

MOC ia sas evarece eres asadesacsontansdcentagutedwastsceusesxuseerauetiunimiss 7.0V 

All inputs and outputs w.r.t. VSS.............s008 -0.6V to Vec+1.0V 

Storage temperature .........cccsssssesssessesseeeees -65°C to 150°C 

Ambient temperature under biaS...............0004 -65°C to 125°C 

Soldering temperature of leads (10 seconds)............. +300°C 

ESD protection on all pins...............csscccccssersesesseecseerseeeeees 4kV 


*Notice: Stresses above those listed under ‘Maximum ratings’ may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 1.2 AC Test Conditions 
not implied. Exposure to maximum rating conditions for an extended FO Ne ae ee ee 
period of time may affect device reliability 


AC Waveform: 
TABLE 1-1: | PINFUNCTION TABLE beclamiral 
VHI = Vcc - 0.2V (Note 1) 
: VHI = 4.0V (Note 2) 
Chip Select Input Timing Measurement Reference Level 
Serial Data Output Input 0.5 Vcc 
Serial Data Input Output 0.5 Vcc 


Serial Clock Input 
Write Protect Pin 
Ground 

Supply Voltage 
Hold Input 


Note 1: For Vcc < 4.0V 
2: For Vcc > 4.0V 





TABLE 1-3: DC CHARACTERISTICS 


All parameters apply over the | Commercial (C): TAmB = 0°C to +70°C Vcc = 1.8V to 5.5V 

specified operating ranges Industrial (I): = TAMB=-40°C to+85°C Vcc=1.8V to 5.5V 

unless otherwise noted. Automotive (E): TAMB = -40°C to+125°C ~=Vcc = 4.5V to 5.5V (25C040 only) 
Vint | 2.00 | Voc+1 V | Vcc 2 2.7V (Note | 

High level input voltage we wees 






























vo [= [04 [Vv fioeatm 
[vo [= [02 | V_fio=t0mavooe2v 


Low level output voltage 









Output leakage current 


CS = Vcc, VouT = Vss To Vcc 
Internal Capacitance CINT 7 pF | TAMB = 25°C, CLK = 1.0 MHz, 
(all inputs and outputs) Vcc = 5.0V (Note) 
Icc Read 1 mA_ | Vcc = 5.5V; FCLK=3.0 MHz; SO = Open 
500 wA | VCC = 2.5V; FCLK=2.0 MHz; SO = Open 
Icc Write mA | Vcc= 5.5V | | 
mA | Vcc =2.5V , 
Standby Current Iccs yA |CS =Vcc = 5.5V, Inputs tied to Vcc or Vss 
uA {CS =Vcc = 2.5V, Inputs tied to Vcc or Vss 


Note: This parameter is periodically sampled and not 100% tested. 













Operating Current 








DS21204B-page 5-2 © 1998 Microchip Technology Inc. 


25AA040/25LC040/25C040 








TABLE 1-4: AC CHARACTERISTICS 


All parameters apply over the Commercial (C): Tamb = 0°C to +70°C Vcc = 1.8V to 5.5V 
specified operating ranges Industrial (I): Tamb = -40°C to +85°C Vcc = 1.8V to 5.5V 
unless otherwise noted. Automotive (E): Tamb = -40°C to+125°C ~=Vcc = 4.5V to 5.5V (25C040 only) 


Clock Frequency 


CS Setup Time 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 


Vcc = 2.5V to 4.5V 
Vcc = 1 8V to 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


CS Hold Time 





CS Disable Time TcsbD 


Data Setup Time 


Data Hold Time 


CLK Rise Time 
CLK Fall Time 


Clock High Time 


Clock Low Time 


Clock Delay Time TCLD 
Clock Enable Time TCLE 


Output Valid from 
Clock Low 


Output Hold Time 


Output Disable Time = 4.5V to 5.5V (Note 1) 
Vcc = 2.5V to 4.5V (Note 1) 
Vcc = 1.8V to 2.5V (Note 1) 
HOLD Setup Time Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 
HOLD Hold Time Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 
HOLD Low to Output High-Z Vcc = 4.5V to 5.5V (Note 1) 
Vcc = 2.5V to 4.5V (Note 1) 
Vcc = 1.8V to 2.5V (Note 1) 
HOLD High to Output Valid Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Internal Write Cycle Time 


Note 1: This parameter is periodically sampled and not 100% tested. 
2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, please 
consult the Total Endurance Model which can be obtained on our website. 
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FIGURE 1-5: HOLD TIMING 
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FIGURE 1-6: SERIAL INPUT TIMING 


SCK Mode 0,0 


TSU |<q¢——» 


high impedance 





FIGURE 1-7: SERIAL OUTPUT TIMING 
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2.0 PIN DESCRIPTIONS 
2.1 Chip Select (CS) 


A low level on this pin selects the device. A high level 
deselects the device and forces it into standby mode. 
However, a programming cycle which is already initi- 
ated or in progress will be completed, regardless of 
the CS input signal. If CS is brought high during a pro- 
gram cycle, the device will go in standby mode as 
soon as the programming cycle is complete. As soon 
as the device is deselected, SO goes to the high 
impedance state, allowing multiple parts to share the 
same SPI bus. A low to high transition on CS after a 
valid write sequence initiates an internal write cycle. 
After power-up, a low level on CS is required prior to 
any sequence being initiated. 


2.2 Serial Input (SI 


The SI pin is used to transfer data into the device. It 
receives instructions, addresses, and data. Data is 
latched on the rising edge of the serial clock. 


2.3 Serial Output (SO) 


The SO pin is used to transfer data out of the 25xx040. 
During a read cycle, data is shifted out on this pin after 
the falling edge of the serial clock. 


2.4 Serial Clock (SCK) 


The SCK is used to synchronize the communication 
between a master and the 25xx040. Instructions, 
addresses, or data present on the SI pin are latched 
on the rising edge of the clock input, while data on the 
SO pin is updated after the falling edge of the clock 
input. 


2.5 Write Protect (WP) 


This pin is a hardware write protect input pin. When 
WP is low, all writes to the array or status register are 
disabled, but any other operation functions normally. 
When WP is high, all functions, including non-volatile 
writes operate normally. WP going low at any time will 
reset the write enable latch and inhibit programming, 
except when an internal write has already begun. If an 
internal write cycle has already begun, WP going low 
will have no effect on the write. See Table 3-7 for Write 
Protect Functionality Matrix. 


2.6 Hold (HOLD) 


The HOLD pin is used to suspend transmission to the 
25xx040 while in the middle of a serial sequence with- 
out having to re-transmit the entire sequence over ata 
later time. It must be held high any time this function is 
not being used. Once the device is selected and a 
serial sequence is underway, the HOLD pin may be 
pulled low to pause further serial communication with- 
out resetting the serial sequence. The HOLD pin must 
be brought low while SCK is low, otherwise the HOLD 
function will not be invoked until the next SCK high to 
low transition. The 25xx040 must remain selected dur- 
ing this sequence. The SI, SCK, and SO pins are ina 
high impedance state during the time the part is 
paused and transitions on these pins will be ignored. 
To resume serial communication, HOLD must be 
brought high while the SCK pin is low, otherwise serial 
communication will not resume. Lowering the HOLD 
line at any time will tri-state the SO line. 
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3.0 FUNCTIONAL DESCRIPTION 
3.1 PRINCIPLES OF OPERATION 


The 25xx040 is a 512 byte Serial EEPROM designed 
to interface directly with the Serial Peripheral Interface 
(SPI). port of many of today’s popular microcontroller 
families, including Microchip’s PIC16C6X/7X micro- 
controllers. It may also interface with microcontrollers 
that do not have a built-in SPI port by using discrete 
I/O lines programmed properly with the software. 


The 25xx040 contains an 8-bit instruction register. The 
part is accessed via the SI pin, with data being clocked 
in on the rising edge of SCK. The CS pin must be low 
and the HOLD pin must be high for the entire opera- 
tion. The WP pin must be held high to allow writing to 
the memory array. 





Table 3-1 contains a list of the possible instruction 
bytes and format for device operation. The most signif- 
icant address bit (A8) is located in the instruction byte. 
All instructions, addresses, and data are transferred 
MSB first, LSB last. | 


Data is sampled on the first rising edge of SCK after 
CS goes low. If the clock line is shared with other 
peripheral devices on the SPI bus, the user can assert 
the HOLD input and place the 25xx040 in ‘HOLD’ 
mode. After releasing the HOLD pin, operation will 
resume from the point when the HOLD was asserted. 








3.2 | Read Sequence 


The part is selected by pulling CS low. The 8-bit read 
instruction with the A8 address bit is transmitted to the 
25xx040 followed by the lower 8-bit address (A7 
through AO). After the correct read instruction and 
address are sent, the data stored in the memory at the 
selected address is shifted out on the SO pin. The data 
stored in the memory at the next address can be read 
sequentially by continuing to provide clock pulses. The 
internal address pointer is automatically incremented 
to the next higher address after each byte of data is 
shifted out. When the highest address is reached 
(O1FFh), the address counter rolls over to address 
0000h allowing the read cycle to be continued indefi- 
nitely. The read operation is terminated by raising the 
CS pin (Figure 3-2). 


TABLE 3-1: INSTRUCTION SET 
















READ 
WRITE 
WROD 
WREN 
RDSR 
WRSR 


3.3 Write Sequence 


Prior to any attempt to write data to. the 25xx040, the 
write enable latch must be set by issuing the WREN 
instruction (Figure 3-5). This is done by setting CS low 
and then clocking out the proper instruction into the 
25xx040. After all eight bits of the instruction are trans- 
mitted, the CS must be brought high to set the write 
enable latch. If the write operation is initiated immedi- 
ately after the WREN instruction without CS being 
brought high, the data will not be written to the array 
because the write enable latch will not have been 
properly set. . 


Once the write enable latch is set, the user may pro- 
ceed by setting the CS low, issuing a write instruction, 


followed by the address, and then the data to be writ- 


ten. Keep in mind that the most significant address bit 
(A8) is included in the instruction byte. Up to 16 bytes 
of data can be sent to the 25xx040 before a write cycle 
is necessary. The only restriction is that all of the bytes 
must reside in the same page. A page address begins 
with XXXX 0000 and ends with XXXX 1111. If the 
internal address counter reaches XXXX 1111 and the 
clock continues, the counter will roll back to the first 
address of the page and overwrite any data in the 
page that may have been written. 


For the data to be actually written to the array, the CS 
must be brought high after the least significant bit (DO) 
of the n'” data byte has been clocked in. If CS is 
brought high at any other time, the write operation will 
not be completed. Refer to Figure 3-3 and Figure 3-4 
for more detailed illustrations on the byte write 
sequence and the page write sequence respectively. 
While the write is in progress, the status register may 
be read to check the status of the WIP, WEL, BP1, and 
BPO bits (Figure 3-8). A read attempt of a memory 
array location will not be possible during a write cycle. 
When the write cycle is completed, the write enable 
latch is reset. 


Note: Ag is the 9" address bit necessary to fully address 512 bytes. 
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FIGURE 3-2: READ SEQUENCE 


cs \ $$$ 


0 12 3 4 5 6 7 8 9 10 11 12 138 14 15 16 17 18 19 20 21 22 23 
SCK 


instruction ————*;*———_ lower address byte ———> 
s) }0 0 0 ofas\o/ 1 1a 6X 5h 4X 3X 2X 1X a0} don't care 
high impedance eo OU, 
SO 7X EX SHAK SK 2K AAO ) 


FIGURE 3-3: BYTE WRITE SEQUENCE 


012 3 4 5 6 7 8 Q9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
SCK 


instruction lower address byte ——>;«+—__ data byte. —___—-> 
si_}o 0 0 o/as\o/1\ ofar of sX4X 3K 2K 1KAH 7K OK SK 4X SK2K AAG 


high impedance 


SO 





FIGURE 3-4: PAGE WRITE SEQUENCE 









cs \ pe ta hrs 


0 





12 3 4 5 6 7 8 9 10 11 13 14 15 16 17 18 19 20 21 22 23 24 





SCK 


instruction _————~ lower address byte ——\*——-_ data byte 1 ——-_—> 
si AO 0 0 o/as\o/1\ofarke Xs X4 K3h 2X 1K OK7KEASK 4A SA2N IKON 






25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 


ce came sO A A Be ee Re 


databyte2 —~ data byte 3 data byte n (16 max) 
si- = R7XEXSK4XSKZKAKOK7K SEX SK 4K SAAN AROF- A ZAEK SASHA SHAK AKO) 
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3.4 Write Enable (WREN) and Write The following is a list of conditions under which: the 
Disable (WRDI | write enable latch will be reset: ee 

The 25xx040 contains a write enable latch. See ° Riedie Lae . 

Table 3-10 for the Write Protect Functionality Matrix. * WRDI instruction successfully executed 

This latch must be set before any write operation will ¢ WRSR instruction successfully executed 

be completed internally. The WREN instruction will set ¢ WRITE instruction successfully executed 

the latch, and the WRDI will reset the latch. © WP line is low 


FIGURE 3-5: WRITE ENABLE SEQUENCE 


high impedance 





FIGURE 3-6: WRITE DISABLE SEQUENCE 


high impedance 
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3.5 Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 


ted as follows: 
(7/6/5/4/ 3 | 2 | ae 
| WIP 


ee 
|x| x] x] x] Bet | BPO | WEL 


The Write-In-Process (WIP) bit indicates whether the 
25xx040 is busy with a write operation. When set to a 
‘1’ a write is in progress, when set to a ‘0’ no write is in 
progress. This bit is read only. 


The Write Enable Latch (WEL) bit indicates the sta- 
tus of the write enable latch. When set to a ‘1’ the latch 
allows writes to the array, when set to a ‘0’ the latch 
prohibits writes to the array. The state of this bit can 
always be updated via the WREN or WRDI commands 
regardless of the state of write protection on the status 
register. This bit is read only. 


The Block Protection (BPO and BP1) bits indicate 
which blocks are currently write protected. These bits 
are set by the user issuing the WRSR instruction. 
These bits are non-volatile. 



















See Figure 3-8 for RDSR timing sequence 





3.6 Write Status Register(WRSR) 


The WRSR instruction allows the user to select one of 
four levels of protection for the array by writing to the 
appropriate bits in the status register. The array is 
divided up into four segments. The user has the ability 
to write protect none, one, two, or all four of the seg- 
ments of the array. The partitioning is controlled as 
illustrated in Table 3-7. 


See Figure 3-9 for WRSR timing sequence 
TABLE 3-7: ARRAY PROTECTION 


Array Addresses 
Write Protected 











upper aE 
(0180h - 01FFh) 


upper 1/2 
(0100h - O1FFh) 


all 
(O000h - 01 Bal 





FIGURE 3-8: READ STATUS REGISTER SEQUENCE 


cS \ Se ee 


0 1 2 3 4 5 6 


instruction ————__- 


0 0 0 0 O0/1\ 0 


high impedance 


9 11 12 13 14 


data from status register ———» 


ZX EK SKANS AZ KANG 





FIGURE 3-9: WRITE STATUS REGISTER SEQUENCE 


cS s\ Se 


Oo i 2 3 4 5 6 


8 9 10 11 12 13 14 15 


<—_———_instruction —-~—~————-- |*_ data to status register ——-- 
ss RO 0 0 0 0 0 O/ 1) 7X BK 5X4K 3X2) 1K] 


high impedance 


sO 
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3.7 DataProtection 3.8 Power On State 
The following protection has been implemented to pre- The 25xx040 powers on in the following state: 
vent inadvertent writes to the array: * The device is in low power standby mode 
¢ The write enable latch is reset on power-up. (CS=1). 
¢ Awrite enable instruction must be issued to set ¢ The write enable latch is reset. 
the write enable latch. ¢ SO is in high impedance state. 
e After a byte write, page write, or status register ¢ A low level on CS is required to enter active state. 


write, the write enable latch is reset. 
¢ CS must be set high after the proper number of 
clock cycles to start an internal write cycle. 
Access to the array during an internal write cycle 
is ignored and programming is continued. 
¢ The write enable latch is reset when the WP pin is 
low. 


TABLE 3-10: WRITE PROTECT FUNCTIONALITY MATRIX 


Protected Blocks Unprotected Blocks Status Register 
Protected Protected Protected 


Protected Protected Protected 
Protected Writable Writable 
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NOTES: 
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25AA040/25LC040/25C040 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


25xx040 — /P 


P = Plastic DIP (300 mil Body), 8-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 
ST = TSSOP, 8-lead 


Package: 


Blank =0°C to +70°C 
I =-—40°C to +85°C 
E =-40°C to +125°C 


Temperature 
Range: 


25AA040 
25AA040T 
25AA040X 


25AA040XT 


25LC040 
25LC040T 
Devices: 25LC040X 


25LCO40XT 
25C040 
25C040T 
25C040X 


25C040XT 


Sales and Support 
Data Sheets 


4096 bit 1.8V SPI Serial EEPROM 

4096 bit 1.8V SPI Serial EEPROM Tape and Reel 
4096 bit 1.8V SPI Serial EEPROM 

in alternate pinout (ST only) 

4096 bit 1.8V SPI Serial EEPROM 

in alternate pinout Tape and Reel (ST only) 

4096 bit 2.5V SPI Serial EEPROM 

4096 bit 2.5V SPI Serial EEPROM Tape and Reel 
4096 bit 2.5V SPI Serial EEPROM 

in alternate pinout (ST only) 

4096 bit 2.5V SPI Serial EEPROM 

in alternate pinout Tape and Reel (ST only) 

4096 bit 5.0V SPI Serial EEPROM 

4096 bit 5.0V SPI Serial EEPROM Tape and Reel 
4096 bit 5.0V SPI Serial EEPROM 

in alternate pinout (ST only) 

4096 bit 5.0V SPI Serial EEPROM 

in alternate pinout Tape and Reel (ST only) 





Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
| mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 


3. The Microchip Worldwide Web Site (www.microchip.com) 
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8K SPI Bus Serial EEPROM 








DEVICE SELECTION TABLE PACKAGE TYPES 
PDIP/SOIC 





) Part | Vcc | Max Clock | Temp 
Number Range Frequency | Ranges 
250080 | 45-55V 


FEATURES 


e Low power CMOS technology 

- Write current: 3 mA maximum 

- Read current: 500 uA typical 

- Standby current: 500 nA typical 
1024 x 8 bit organization 

16 byte page BLOCK DIAGRAM 


Write cycle time: 5ms max. 


Self-timed ERASE and WRITE cycles 
Block write protection Register 


- Protect none, 1/4, 1/2, or all of array 
Built-in write protection 
- Power on/off data protection circuitry 






- Write enable latch EEPROM 
- Write protect pin 
/O Control 
e Sequential read (iogic Array 
e High reliability 
- Endurance: 1M cycles (guaranteed) 
- Data retention: > 200 years 


- ESD protection: > 4000 V 
8-pin PDIP and SOIC 
Temperature ranges supported: 


- Commercial (C): 0°C to +70°C 


- Industrial (I): -40°C to +85°C 
- Automotive (E) (25C080): -40°C to +125°C 


DESCRIPTION 
The Microchip Technology Inc. 25AA080/25LC080/ 
25C080 (25xx080 ) are 8K bit serial Electrically Eras- 
able PROMs. The memory is accessed via a simple 
Serial Peripheral Interface (SP!) compatible serial bus. 
The bus signals required are a clock input (SCK) plus 
separate data in (SI) and data out (SO) lines. Access to 
the device is controlled through a chip select (CS) 
input. 





Communication to the device can be paused via the 
hold pin (HOLD). While the device is paused, transi- 
tions on its inputs will be ignored, with the exception of 
chip select, allowing the host to service higher priority 
interrupts. 


*25xx080 is used in this document as a generic part number for the 25AA080/25LC080/25C080 devices. 
SPI is a trademark of Motorola. 
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1.0 ELECTRICAL FIGURE 1-2: AC TEST CIRCUIT 
_ CHARACTERISTICS 

1.1. Maximum Ratings* 

Vec. Shatie ee eae aes ene aes dededges ee doseassdeeine 7.0V 

All inputs and outputs W.rt. VSS........ cesses -0.6V to Vcc+1.0V 

Storage temperature... seccsessseesrseeeees -65°C to 150°C 

Ambient temperature under bias................c00 -65°C to 125°C 

Soldering temperature of leads (10 seconds)............. +300°C 

ESD protection on all Pins............c ce sessecesstecesreeesreeseeceeeeees 4kV 


*Notice: Stresses above those listed under ‘Maximum ratings’ may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 1.2 AC Test Conditions 
not implied. Exposure to maximum rating conditions for an extended Sey, ete oe) gear eT 
period of time may affect device reliability 





AC Waveform: 
TABLE 1-1: | PIN FUNCTION TABLE Mie OeN 

VHI = Vcc - 0.2V (Note 1) 

VHI = 4.0V (Note 2) 
Chip Select Input Timing Measurement Reference Level 
Serial Data Output Input 0.5 Vcc 
Serial Data Input Output 0.5 Vcc 
Serial Clock Input: _ Note 1: For Vcc < 4.0V 
Write Protect Pin 2: For Vcc > 4.0V 


Ground 
Supply Voltage 
Hold Input 








TABLE 1-3: © DC CHARACTERISTICS 


All parameters apply over the | Commercial (C): TAMB = 0°C to +70°C Vcc = 1.8V to 5.5V 
specified operating ranges Industrial (I): TAMB = -40°C to +85°C Vcc = 1.8V to 5.5V 
unless otherwise noted. Automotive (E): TAMB =-40°C to+125°C Vcc =4.5V to 5.5V (25C080 only) 
| Vint | 20 | Voce | we Vcc = 2.7V (Note 
Hon vlimoavoteae |e | Bvee_| Voor | “W|Vooe 27 tt) 
. 
Vitt1 V |Vcec 22.7V (Note 
ee, Same ee ee (Note) 
P03 [ aves | v_ [veo <27V (Note) 
| | VOL 0.4 V |loL=2.1mA 
Vo | 0.2 =| V_ [loL=1,0mA, Vcc < 2.5V | | 
| 10 | pA |CS=Vcc, VIN = Vss To Vcc 
Output leakage current ILO -10 | 10 | wA |CS=Vcc, VouT=Vss To Vcc - 
7 pF | TAMB = 25°C, CLK=1.0 MHz, _ 
Vcc = 5.0V (Note) 
Vcc = 5.5V; FCLK=3.0 MHz; SO = Open 
Vcc = 2.5V; FCLK=2.0 MHz; SO = Open 










































CS = Vcc = 5.5V, Inputs tied to Vcc or Vss 
CS = Vcc = 2.5V, Inputs tied to Vcc or Vss 





a 
Note: This parameter is periodically sampled and not 100% tested. 
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TABLE 1-4: AC CHARACTERISTICS 
All parameters apply over the Commercial (C): Tamb = 0°C to +70°C Vcc = 1.8V to 5.5V 


specified operating ranges | Industrial (I): Tamb = -40°C to +85°C Vcc = 1.8V to 5.5V 
unless otherwise noted. Automotive (E): Tamb=-40°C to+125°C Vcc = 4.5V to 5.5V (25C080 only) 





Clock Frequency 

















FCLK MHz Vcc = 4.5V to 5.5V 
MHz Vcc = 2.5V to 4.5V 


MHz Vcc = 1.8V to 2.5V 





— NM © 





CS Setup Time Toss 100 — Vcc = 4.5V to 5.5V 
250 _— Vcc = 2.5V to 4.5V 
500 —_ Voc = 1.8V io 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


CS Hold Time TCSH 150 
250 
475 


CS Disable Time : Tcsp 500 


Data Setup Time Tsu 


Data Hold Time THD 





Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 





100 


> 55 
Aan DN 


Salaaw 
Sc01o000 


CLK Rise Time TR us (Note 1) 

Clock High Time THI 150 Vcc = 4.5V to 5.5V 
250 Vcc = 2.5V to 4.5V 
475 Vcc = 1.8V to 2.5V 





Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Clock Low Time TLO 150 
250 
475 


Clock Delay Time TCLD 
Clock Enable Time TCLE 





Output Valid from TV 150 Vcc = 4.5V to 5.5V 
Clock Low 250 Vcc = 2.5V to 4.5V 
475 Vcc = 1.8V to 2.5V 


Output Hold Time THO 







Output Disable Time ToIs 200 ns Vcc = 4.5V to 5.5V (Note 1) 
250 ns Vcc = 2.5V to 4.5V (Note 1) 
500 ns Vcc = 1.8V to 2.5V (Note 1) 









HOLD Setup Time THS 100 Vcc = 4.5V to 5.5V 
100 Vcc = 2.5V to 4.5V 
200 Vcc = 1.8V to 2.5V 





HOLD Hold Time THH 100 
100 





Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V (Note 1) 
Vcc = 2.5V to 4.5V (Note 1) 
Vcc = 1.8V to 2.5V (Note 1) 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 






HOLD Low to Output High-Z THZ 100 






4 
o 
>) 


N 
© 
oO 


200 


THV 100 
150 


HOLD High to Output Valid 







Internal Write Cycle Time TWC 


EM Cycles | (Note 2) 
Note 1: This parameter is periodically sampled and not 100% tested. 


2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, please 
consult the Total Endurance Model which can be obtained on our website. 


211/83 
= ras) 
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FIGURE 1-5: HOLD TIMING 
cs 





THZ 
high impedance 
(net Xn) f 


don’t care 


CK AK KAKA AKAAKAKAL KRKX 
M42 Xt XESS BS. ¢ 


FIGURE 1-6: SERIAL INPUT TIMING 


Tcss 
Mode 1,1 
SCK Mode 0,0 


TSU |<¢——» 


high impedance 





FIGURE 1-7: SERIAL OUTPUT TIMING 


S| = don’t care rf 


SLES PARE ICE IS TPE PT I TS STF I SS TNR I ES I I SIE GET I SIT CEP CE I EE SEE SEE AES I WE EEE BAS DS DOT 2 RI AT SI ESD ES ESTE ST A TERT 
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2.0 PIN DESCRIPTIONS 
2.1 Chip Select (CS) 


A low level on this pin selects the device. A high level 
deselects the device and forces it into standby mode. 
However, a programming cycle which is already initi- 
ated or in progress will be completed, regardless of 
the CS input signal. If CS is brought high during a pro- 
gram cycle, the device will go in standby mode as 
soon as the programming cycle is complete. As soon 
as the device is deselected, SO goes to the high 
impedance state, allowing multiple parts to share the 
same SPI bus. A low to high transition on CS after a 
valid write sequence initiates an internal write cycle. 
After power-up, a low level on CS is required prior to 
any sequence being initiated. 


2.2 Serial Input (Sl) 


The SI pin is used to transfer data into the device. It 
receives instructions, addresses, and data. Data is 
latched on the rising edge of the serial clock. 


2.3 Serial Output (SO) 


The SO pin is used to transfer data out of the 25xx080. 
During a read cycle, data is shifted out on this pin after 
the falling edge of the serial clock. 


2.4 Serial Clock (SCK) 


The SCK is used to synchronize the communication 
between a master and the 25xx080. Instructions, 
addresses, or data present on the SI pin are latched 
on the rising edge of the clock input, while data on the 
SO pin is updated after the falling edge of the clock 
input. 


2.5 Write Protect (WP) 


This pin is used in conjunction with the WPEN bit in 
the status register to prohibit writes to the non-volatile 
bits in the status register. When WP is low and WPEN 
is high, writing to the non-volatile bits in the status reg- 
ister is disabled. All other operations function normally. 
When WP is high, all functions, including writes to the 
non-volatile bits in the status register operate normally. 
If the WPEN bit is set, WP low during a status register 
write sequence will disable writing to the status regis- 
ier. If an internai write cycie has already begun, WP 
going low will have no effect on the write. 


The WP pin function is blocked when the WPEN bit in 
the status register is low. This allows the user to install 
the 25xx080 in a system with WP pin grounded and 
still be able to write to the status register. The WP pin 
functions will be enabled when the WPEN bit is set 
high. 


2.6 Hold (HOLD) 


The HOLD pin is used to suspend transmission to the 
25xx080 while in the middle of a serial sequence with- 
out having to re-transmit the entire sequence over at a 
later time. It must be held high any time this function is 
not being used. Once the device is selected and a 
serial sequence is underway, the HOLD pin may be 
pulled low to pause further serial communication with- 
out resetting the serial sequence. The HOLD pin must 
be brought low while SCK is low, otherwise the HOLD 
function will not be invoked until the next SCK high to 
low transition. The 25xx080 must remain selected dur- 





ing this sequence. The SI, SCK, and SO pins are in a 


high impedance state during the time the part is 
paused and transitions on these pins will be ignored. 
To resume serial communication, HOLD must be 
brought high while the SCK pin is low, otherwise serial 
communication will not resume. Lowering the HOLD 
line at any time will tri-state the SO line. 
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3.0 FUNCTIONAL DESCRIPTION 
3.1 PRINCIPLES OF OPERATION 


The 25xx080 are 1024 byte Serial EEPROMs 
designed to interface directly with the Serial Peripheral 
Interface (SPI) port of many of today’s popular micro- 
controller families, including Microchip’s PIC16C6X/7X 
microcontrollers. It may also interface with. microcon- 
trollers that do not have a built-in SPI port by using dis- 
crete /O lines programmed properly with the 
software. — 


The 25xx080 contains an 8-bit instruction register. The 
part is accessed via the SI pin, with data being clocked 
in on the rising edge of SCK. The CS pin must be low 
and the HOLD pin must be high for the entire opera- 
tion. The WP pin must be held high to allow writing to 
the memory array. 





Table 3-1 contains a list of the possible instruction 
bytes and format for device operation. All instructions, 
addresses, and data are transferred MSB first, LSB 
last. 


Data is sampled on the first rising edge of SCK after 
CS goes low. If the clock line is shared with other 
peripheral devices on the SPI bus, the user can assert 
the HOLD input and place the 25xx080 in ‘HOLD’ 
mode. After releasing the HOLD pin, operation will 
resume from the point when the HOLD was asserted. 








3.2 Read Sequence 


The part is selected by pulling CS low. The 8-bit read 
instruction is transmitted to the 25xx080 followed by the 
16-bit address, with the six MSBs of the address being 
don’t care bits. After the correct read instruction and 
address are sent, the data stored in the memory at the 
selected address is shifted out on the SO pin. The data 
stored in the memory at the next address can be read 
sequentially by continuing to provide clock pulses. The 
internal address pointer is automatically incremented 
to the next higher address after each byte of data is 
shifted out. When the highest address is reached 
(OSFFh), the address counter rolls over to address 
0000h allowing the read cycle to be continued indefi- 
nitely. The read operation is terminated by raising the 
CS pin (Figure 3-2). 


TABLE 3-1: INSTRUCTION SET 


3.3 Write Sequence 


Prior to any attempt to write data to the 25xx080, the 
write enable latch must be set by issuing the WREN 
instruction (Figure 3-5). This is done by setting CS low 
and then clocking out the proper instruction into the 
25xx080. After all eight bits of the instruction are trans- 
mitted, the CS must be brought high to set the write 
enable latch. If the write operation is initiated immedi- 
ately after the WREN instruction without CS being 
brought high, the data will not be written to the array 
because the write enable latch will not have been 
properly set. 


Once the write enable latch is set, the user may pro- 
ceed by setting the CS low, issuing a write instruction, 
followed by the 16-bit address, with the six MSBs of 
the address being don’t care bits, and then the data to 
be written. Up to 16 bytes of data can be sent to the 
25xx080 before a write cycle is necessary. The only 
restriction is that all of the bytes must reside in the 
same page. A page address begins with XXXX XXXX 
XXXX 0000 and ends with XXXX XXXX XXXX 1111. If 
the internal address counter reaches XXXX XXXX 
XXXX 1111 and the clock continues, the counter will 
roll back to the first address of the page and overwrite 
any data in the page that may have been written. 


For the data to be actually written to the array, the CS 
must be brought high after the least significant bit (DO) 
of the n'” data byte has been clocked in. If CS is 
brought high at any other time, the write operation will 
not be completed. Refer to Figure 3-3 and Figure 3-4 
for more detailed illustrations on the byte write 
sequence and the page write sequence respectively. 
While the write is in progress, the status register may 
be read to check the status of the WPEN, WIP, WEL, 
BP1, and BPO bits (Figure 3-7). A read attempt of a 
memory array location will not be possible during a 
write cycle. When the write cycle is completed, the 
write enable latch is reset. 





[Rpsk_ | 00000101 —‘([Readstatusregister = SSSCSC~*‘“~*d 
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FIGURE 3-2: READ SEQUENCE 
cs \ eee rt ear 


0123 4 5 6 7 8 Q 10 11 21 22 23 24 25 26 27 28 29 30 31 


SCK 


<+— instruction ————~ ,~———16 bit address > 
S| e 0000 O/1 ooo BOG} 


high impedance ae ata OU ae 





FIGURE 3-3: BYTE WRITE SEQUENCE 


23 45 6 7 8 9 10 11 21 22 23 24 25 26 27 28 29 30 31 


s > | + __— data byte 
(2K 1K OK 7K 6X SX 4K 3h 2X 14 0) 





FIGURE 3-4: PAGE WRITE SEQUENCE 


i  < 







23 45 6 7 8 9 10 11 21 22 23 24 25 26 27 28 29 30 31 






32 33 3435 36 37 38 39 40 41 42 43 44 45 46 47 


<+———._ data byte 2 <+——— data byte 3 ———_> +— data byte n (16 max) 
RTKERSKAK SH 2K UA OF 7X 6X SX 4X SX 2K AK O}--K 7K EX SJ 4h 3h 24 14 0) 












a aa RC ec a a se Ne a a ER Sn A TY 
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3.4 Write Enable (WREN) and Write The following is a list of conditions under which the 
Disable (WRDI write enable latch will be reset: 

The 25xx080 contains a write enable latch. See Bower ue, . 

Table 3-10 for the Write Protect Functionality Matrix. * WADI instruction successfully executed 

This latch must be set before any write operation will ¢ WRSR instruction successfully executed 

be completed internally. The WREN instruction will set e¢ WRITE instruction successfully executed 


the latch, and the WRDI will reset the latch. 


FIGURE 3-5: WRITE ENABLE SEQUENCE 


high impedance 





FIGURE 3-6: WRITE DISABLE SEQUENCE 


high impedance 
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3.5 Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write ee: The status register is format- 
ted as follows: 


ae a es i ee 
The Write-In-Process (WIP) bit indicates whether the 
25xx080 is busy with a write operation. When set to a 


‘1’ a write is in progress, when set to a ‘0’ no write is in 
progress. This bit is read only. 


FIGURE 3-7: 


high impedance 


The Write Enable Latch (WEL) bit indicates the sta- 
tus of the write enable latch. When set to a ‘1’ the latch 
allows writes to the array, when set to a ‘0’ the latch 
prohibits writes to the array. The state of this bit can 
always be updated via the WREN or WRDI commands 
regardless of the state of write protection on the status 
register. This bit is read only. 


The Block Protection (BPO and BP1) bits indicate 
which blocks are currently write protected. These bits 
are set by the user issuing the WRSR instruction. 
These bits are non-volatile. 


See Figure 3-7 for the RDSR timing sequence. 


READ STATUS REGISTER SEQUENCE 


data from status register 





ST TS SE SS TET TE a SE ST SST ATTEN TL EE ESTOS SS NE EE A II NDT DT TTT IIS 
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3.6 Write Status Register(WRSR) 


The WRSR instruction allows the user to select one of 
four levels of protection for the array by writing to the 
appropriate bits in the status register. The array is 
divided up into four segments. The user has the ability 
to write protect none, one, two, or all four of the seg- 
ments of the array. The partitioning is controlled as 
illustrated in Table 3-8. 


The Write Protect Enable (WPEN) bit is a non-volatile 
bit that is available as an enable bit for the WP pin. The 
Write Protect (WP) pin and the Write Protect Enable 
(WPEN) bit in the status register control the program- 
mable hardware write protect feature. Hardware write 
protection is enabled when WP pin is low and the 
WPEN bit is high. Hardware write protection is dis- 
abled when either the WP pin is high or the WPEN bit 
is low. When the chip is hardware write protected, only 


writes to non-volatile bits in the status register are dis- 
abled. See Table 3-3 for a matrix of functionality on the 
WPEN bit. 


See Figure 3-9 for the WRSR timing sequence. 
TABLE 3-8: ARRAY PROTECTION 


Array Addresses 
upper 1/4 
(0300h - O3FFh) 


{ upper 1/2 
(0200h - O3FFh) 
{ all - 
(0000h - O3FFh) | 





FIGURE 3-9: WRITE STATUS REGISTER SEQUENCE 


«instruction 


| —__ “t——— data to status register 


high impedance 
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3.7 Data Protection 3.8 Power On State 


The following protection has been implemented to pre- The 25xx080 powers on in the following state: 


vent inadvertent writes to the array: ° The device is in low power standby mode 


¢ The write enable latch is reset on power-up. (CS=1). | 

¢ A write enable instruction must be issued to set ¢ The write enable latch is reset. 
the write enable latch. ¢ SO is in high impedance state. 

e After a byte write, page write, or status register ¢ A high to low level transition on CS is required to 
write, the write enable latch is reset. enter active state. 


¢ CS must be set high after the proper number of 
clock cycles to start an internal write cycle. 
Access to the array during an internal write cycle 
is ignored and programming is continued. 


TABLE 3-10: WRITE PROTECT FUNCTIONALITY MATRIX 


| WR | WEL Protected Blocks | Unprotected Blocks Status Register 


Protected Protected Protected 


Protected Writable Writable 
Protected Writable Protected 
Protected Writable Writable — 
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25AA080/25LC080/25C080 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g.,.on pricing or delivery, refer to the factory or the listed sales office. 





25xx080 — IP 
Packace: P = Plastic DIP (300 mil Body), 8-lead 
me SN = Plastic SOIC (150 mil Body), 8-lead 
Blank = 0°C to +70°C 


I =-—40°C to +85°C 
E =-40°C to +125°C 





Temperature 
Range: 











25AA080 = 8K bit 1.8V SPI Serial EEPROM 

25AA080T 8K bit 1.8V SPI Serial EEPROM Tape and Reel 
25LC080 = 8K bit 2.5V SPI Serial EEPROM 

25LCO80T 8K bit 2.5V SPI Serial EEPROM Tape and Reel 
25C080 8K bit 5.0V SPI Serial EEPROM | 

25CO080T 8K bit 5.0V SPI Serial EEPROM Tape and Reel 







Devices: 










Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 
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16K SPI” Bus Serial EEPROM 





DEVICE SELECTION TABLE 


| Part | Vcc | MaxClock | Temp | 
Number Range Frequency | Ranges 
26C160 | 45-5.5V 


FEATURES 


e Low power CMOS technology 

- Write current: 3 mA maximum 

- Read current: 500 pA typical 

- Standby current: 500 nA typical 
2048 x 8 bit organization 

16 byte page 

Write cycle time: 5ms max. 

Self-timed ERASE and WRITE cycles 
Block write protection 

- Protect none, 1/4, 1/2, or all of array 
e Built-in write protection 

- Power on/off data protection circuitry 
- Write enable latch 

- Write protect pin 

Sequential read 

High reliability 

- Endurance: 1M cycles (guaranteed) 
- Data retention: > 200 years. 

- ESD protection: > 4000 V 

8-pin PDIP and SOIC packages 


Temperature ranges supported: 
- Commercial (C): 





O°C to +70°C 


- Industrial (I): -40°C to +85°C 
- Automotive (E) (25C 160): -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 25AA160/25LC160/ 
25C 160 (25xx160 ) are 16K bit serial Electrically Eras- 
able PROMs. The memory is accessed via a simple 
Serial Peripheral Interface (SPI) compatible serial bus. 
The bus signals required are a clock input (SCK) plus 
separate data in (SI) and data out (SO) lines. Access to 
the device is controlled through a chip select (CS) 
input. 


Communication to the device can be paused via the 
hold pin (HOLD). While the device is paused, transi- 
tions on its inputs will be ignored, with the exception of 
chip select, allowing the host to service higher priority 
interrupts. 


PACKAGE TYPES 
PDIP/SOIC 





BLOCK DIAGRAM 


HV Generato 
Register 


EEPROM 
1/O Control 
Logic i ney 


Page Latches 





Sense Amp. | 
RW Control | 





*25xx160 is used in this document as a generic part number for the 25AA160/25LC 160/25C 160 devices. 


SPI is a trademark of Motorola. 
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1.0 ELECTRICAL FIGURE 1-1: AC TEST CIRCUIT 





CHARACTERISTICS 

1.1. Maximum Ratings* 

NCC isgaciatesaehia sissies cavtnnenips tesa seeenseaesa tt eentsaeirneesstaatensvks 7.0V 
All inputs and outputs w.r.t. VSS... eee -0.6V to Vec+1.0V 
Storage temperature ............ccccssssessssseceesseeees -65°C to 150°C 
Ambient temperature under bias.................... -65°C to 125°C 
Soldering temperature of leads (10 seconds)............ .+300°C 
ESD protection On all Pins.............ccccccccsssscsecescesssscseneeseees 4kV 


*Notice: Stresses above those listed under ‘Maximum ratings’ may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 1.2 AC Test Conditions 
not implied. Exposure to maximum rating conditions for an extended Ao a eg ee 
period of time may affect device reliability 


AC Waveform: 
TABLE 1-1: | PIN FUNCTION TABLE aca ceed 

VH! = Vcc - 0.2V (Note 1) 

VHI = 4.0V (Note 2) 
Chip Select Input Timing Measurement Reference Level 
Serial Data Output Input 0.5 Voc 
Serial Data Input Output 0.5 Vcc 
Serial Clock Input Note 1: For Vcc < 4.0V 
Write Protect Pin 2: For Vcc > 4.0V 


Ground 
Supply Voltage 
Hold Input 





TABLE 1-2: DC CHARACTERISTICS 












Vcc = 1.8V to 5.5V 
industrial (I): TAMB = -40°C to +85°C Vcc = 1.8V to 5.5V 
Automotive (E): TAMB =-40°C to+125°C Vcc =4.5V to 5.5V (25C160 only) 


Parameter | Symbol] Min | Max | Units | Test Conditions _ 
Vint 2.0 Vj Vcc > 2.7V (Note) | 
Vcc< 2.7V (Note) 












High level input voltage 
V 
V 








Low level input voltage 
— Voc <27V (Not 
gicvallsinputeiags | | ON rai 
High level output voltage | VOH | — | vi | IOH =-400 LA 
Input leakage current } ou | -10 | 0 | pA CS = Vcc, VIN = VSs To Vcc 
Output leakage current | ho | -10) =| 10 | pA CS = Vcc, VouT = Vss To Vcc ; 


VOH 
Iu 
ILO 10 
Internal Capacitance CINT 7 pF | TAMB = 25°C, CLK = 1.0 MHz, 
(all inputs and outputs) | Vcc = 5.0V (Note) 
: Icc Read mA | Vcc = 5.5V; FCLK=3.0 MHz; SO = Open 
uA | VCC = 2.5V; FCLK=2.0 MHz; SO = Open 
Icc Write 5 mA | Vcc= 5.5V a a 
3 | mA |Vcc =2.5V 
Standby Current Iccs 5 wA |CS =Vcc = 5.5V, Inputs tied to Vcc or Vss 
1 uA |CS =Vcc = 2.5V, Inputs tied to Vcc or Vss 


Note: This parameter is periodically sampled and not 100% tested. 











Operating Current 
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TABLE 1-3: AC CHARACTERISTICS 


All parameters apply over the Commercial (C): Tamb = 0°C to +70°C Vcc = 1.8V to 5.5V 
specified operating ranges Industrial (I): Tamb = -40°C to +85°C Vcc = 1.8V to 5.5V 
unless otherwise noted. Automotive (E): Tamb=-40°C to+125°C Vcc = 4.5V to 5.5V (25C160 only) 


Clock Frequency Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


CS Setup Time Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


CS Hold Time TCSH Vcc = 4.5V to 5.5V 

Vcc = 2.5V to 4.5V 

| Vcc = 1.8V to 2.5V 
CS Disable Time TcspD 


Data Setup Time Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Data Hold Time Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


CLK Rise Time 
CLK Fall Time 


Clock High Time Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 





Clock Low Time Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Clock Delay Time 
Clock Enable Time 


Output Valid from Vcc = 4.5V to 5.5V 
Clock Low Vcc = 2.5V to 4.5V 


Vcc = 1.8V to 2.5V 


Output Hold Time 


Output Disable Time 200 Vcc = 4.5V to 5.5V (Note 1) 
250 Vcc = 2.5V to 4.5V (Note 1) 
500 Vcc = 1.8V to 2.5V (Note 1) 


HOLD Setup Time Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


HOLD Hold Time. Vcc = 4.5V to 5.5V 


Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V (Note 1) 
Vcc = 2.5V to 4.5V (Note 1) 
Vcc = 1.8V to 2.5V (Note 1) 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Endurance 





Note 1: This parameter is periodically sampled and not 100% tested. 
2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, please 
consult the Total Endurance Model which can be obtained on ourwebsite. 
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FIGURE 1-2: HOLD TIMING 





THZ 


—_—P 
(ato) 


high impedance / 


don’t care 
RX KK KK KKK RXKXKIR 
POSS: 0505050,,0, CLL 


FIGURE 1-3: SERIAL INPUT TIMING 





cs 
Tcss TR, 
.Mode 1,1 
SCK Mode 0,0 
TSU |<q¢——» THD 
f 
si sein XOX SCX, CK XK 
high impedance 
SO ree ene ne RO Gall hi | SERRE eed 0 Pn ana Ne RE RIB Eee cre 

















FIGURE 1-4: SERIAL OUTPUT TIMING 


Tv 


mspout YX ~?) ‘SB out 
SI | don't care rf 
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2.0 PIN DESCRIPTIONS 
2.1 Chip Select (CS) 


A low level on this pin selects the device. A high level 
deselects the device and forces it into standby mode. 
However, a programming cycle which is already initi- 
ated or in progress will be completed, regardless of 
the CS input signal. If CS is brought high during a pro- 
gram cycle, the device will go in standby mode as 
soon as the programming cycle is complete. As soon 
as the device is deselected, SO goes to the high 
impedance state, allowing multiple parts to share the 
same SPI bus. A low to high transition on CS after a 
valid write sequence initiates an internal write cycle. 
After power-up, a low level on CS is required prior to 
any sequence being initiated. 


2.2 Serial Input (SI) 


The SI pin is used to transfer data into the device. It 
receives instructions, addresses, and data. Data is 
latched on the rising edge of the serial clock. 


2.3 Serial Output (SO) 


The SO pin is used to transfer data out of the 25xx160. 
During a read cycle, data is shifted out on this pin after 
the falling edge of the serial clock. 


2.4 Serial Clock (SCK) 


The SCK is used to synchronize the communication 
between a master and the 25xx160. Instructions, 
addresses, or data present on the SI pin are latched 
on the rising edge of the clock input, while data on the 
SO pin is updated after the falling edge of the clock 
input. 


2.5 Write Protect (WP) 


This pin is used in conjunction with the WPEN bit in 
the status register to prohibit writes to the non-volatile 
bits in the status register. When WP is low and WPEN 
is high, writing to the non-volatile bits in the status reg- 
ister is disabled. All other operations function normally. 
When WP is high, all functions, including writes to the 
non-volatile bits in the status register operate normally. 
lf the WPEN bit is set, WP low during a status register 
write sequence will disable writing to the status regis- 
ter. If an internal write cycle has already begun, WP 
going low will have no effect on the write. 


The WP pin function is blocked when the WPEN bit in 
the status register is low. This allows the user to install 
the 25xx160 in a system with WP pin grounded and 
still be able to write to the status register. The WP pin 
functions will be enabled when the WPEN bit is set 
high. 


2.6 Hold (HOLD) 


The HOLD pin is used to suspend transmission to the 
25xx160 while in the middle of a serial sequence with- 
out having to re-transmit the entire sequence over at a 
later time. It must be held high any time this function is 
not being used. Once the device is selected and a 
serial sequence is underway, the HOLD pin may be 
pulled low to pause further serial communication with- 
out resetting the serial sequence. The HOLD pin must 
be brought low while SCK is low, otherwise the HOLD 
function will not be invoked until the next SCK high to 
low transition. The 25xx160 must remain selected dur- 
ing this sequence. The SI, SCK, and SO pins are ina 
high impedance state during the time the part is 
paused and transitions on these pins will be ignored. 
To resume serial communication, HOLD must be 
brought high while the SCK pin is low, otherwise serial 
communication will not resume. Lowering the HOLD 
line at any time will tri-state the SO line. 
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3.0 FUNCTIONAL DESCRIPTION 
3.1 PRINCIPLES OF OPERATION 


The 25xxi60 are 2048 byte Serial EEPROMs 
designed to interface directly with the Serial Peripheral 
Interface (SPI) port of many of today’s popular micro- 
controller families, including Microchip’s PIC16C6X/7X 
microcontrollers. It .may also interface with 
microcontrollers that do not have a built-in SPI port by 
using. discrete 1/O lines programmed properly with 
the software. 


The 25xx160 contains an 8-bit instruction register. The 
part is accessed via the SI pin, with data being clocked 
in on the rising edge of SCK. The CS pin must be low 
and the HOLD pin must be high for the entire opera- 
tion. The WP pin must be held high to allow writing to 
the memory array. 





Table 3-1 contains a list of the possible instruction 
bytes and format for device operation. All instructions, 
addresses, and data are transferred MSB first, LSB 
last. 


Data is sampled on the first rising edge of SCK after 
CS goes low. If the clock line is shared with other 
peripheral devices on the SPI bus, the user can assert 
the HOLD input and place the 25xx160 in ‘HOLD’ 
mode. After releasing the HOLD pin, operation will 
resume from the point when the HOLD was asserted. 


3.2: Read Sequence 


The part is selected by pulling CS low. The 8-bit read 
instruction is transmitted to the 25xx160 followed by the 
16-bit address, with the five MSBs of the address being 
don’t care bits. After the correct read instruction and 
address are sent, the data stored in the memory at the 
selected address is shifted out on the SO pin. The data 
stored in the memory at the next address can be read 
sequentially by continuing to provide clock pulses. The 
internal address pointer is automatically incremented 
to the next higher address after each byte of data is 
shifted out. When the highest address is reached 
(O7FFh), the address counter rolls over to address 
0000h allowing the read cycle to be continued indefi- 
nitely. The read operation is terminated by raising the 
CS pin (Figure 3-1). 





TABLE 3-1: 


INSTRUCTION SET 

















25AA160/25LC160/25C160 


READ 
WRITE 
WRD 
WREN 
WAS 





3.3 Write Sequence 


Prior to any attempt to write data to the 25xx160, the 
write enable latch must be set by issuing the WREN 
instruction (Figure 3-4). This is done by setting CS low 
and then clocking out:the proper instruction into the 
25xx160. After all eight bits of the instruction are trans- 
mitted, the CS must be brought high to set the write 
enable latch. If the write operation is initiated immedi- 
ately after the WREN instruction without CS being 
brought high, the data will not be written to the array 
because the write enable latch will not have been 
properly set. | 


Once the write enable latch is set, the user may pro- 
ceed by setting the CS low, issuing a write instruction, 
followed by the 16-bit address, with the five MSBs of 
the address being don’t care bits, and then the data to 
be written. Up to 16 bytes of data can be sent to the 
25xx160 before a write cycle is necessary. The only 
restriction is that all of the bytes must reside in the 
same page. A page address begins with XXXX XXXX 
XXXX 0000 and ends with XXXX XXXX XXXX 1111. lf 
the internal address counter reaches XXXX XXXX 
XXXX 1111 and the clock continues, the counter will 
roll back to the first address of the page and overwrite 
any data in the page that may have been written. 


For the data to be actually written to the array, the CS 
must be brought high after the least significant bit (DO) 
of the n'" data byte has been clocked in. If CS is 
brought high at any other time, the write operation will 
not be completed. Refer to Figure 3-2 and Figure 3-3 
for more detailed illustrations on the byte write 
sequence and the page write sequence respectively. 
While the write is in progress, the status register may 
be read to check the status of the WPEN, WIP, WEL, 
BP1, and BPO bits (Figure 3-6). A read attempt of a 
memory array location will not be possible during a 
write cycle. When the write cycle is completed, the 
write enable latch is reset. 
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FIGURE 3-1: READ SEQUENCE 


014123 4 5 6 7 8 9 10 11 21 22 23 24 25 26 27 28 29 30 31 


SCK 


+————_ instruction ————_~ | + 16 bit address > 
S| Lo 0000 O/1 ooo Bao 


high impedance | «—_____ data out | 


66 TREK SAR SK 2K 1} O} 


FIGURE 3-2: BYTE WRITE SEQUENCE 


=| Tr 


Q 23 4 5 6 7 8 Q 10 11 21 22 23 24 25 26 27 28 29 30 31 





~<——_instruction --——_> | + 16 bit address —--—_> | + data byte 
si RO 0 0 0 0 0/ 1\ 0f15{ 14) 13{ 12) -----( 2X 1X Of 7X 6X 5X 4h 3h 2K 1} 0) 


high impedance 





FIGURE 3-3: PAGE WRITE SEQUENCE 


Nc eS 








2345 6 7 8 9 10 11 






21 22 23 24 25 26 27 28 29 30 31 


a - ee ed -— ee es —— = ——— - ——— - ——ee lm — + _— - —mee we ——- = 


er Rt es Te 






32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 


<«———__ data byte 2 —-——_> + data byte 3 ~<— data byte n (16 max)—> 
St--- RZXEASK4KSK2K AR OK 7K EK SK 4X SH2X AR OF--f7HEX SK 4X SH 2K AKO) 












SA TEE Ieee aaa a NA EE A a a BA ET Ba NS TANS BD SE RT a ee 
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3.4 Write Enable (WREN) and Write The following is a list of conditions under which the 
Disable (WRDI) write enable latch will be reset: 


¢ Power-up 

e¢ WRDI instruction successfully executed 
¢ WRSR instruction successfully executed 
¢ WRITE instruction successfully executed 


The 25xx160 contains a write enable latch. See 
Table 3-3 for the Write Protect Functionality Matrix. 
This latch must be set before any write operation will 
be completed internally. The WREN instruction will set 
the latch, and the WRDI will reset the latch. 


FIGURE 3-4: WRITE ENABLE SEQUENCE 


high impedance 





FIGURE 3-5: WRITE DISABLE SEQUENCE 


high impedance 
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3.5 Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 
ted as follows: 


See a See 
WEL 


The Write-In-Process (WIP) bit indicates whether the 
25xx160 is busy with a write operation. When set to a 
‘1’ a write is ini progress, when set to a ‘0’ no write is in 
progress. This bit is read only. 

The Write Enable Latch (WEL) bit indicates the sta- 
tus of the write enable latch. When set to a ‘1’ the latch 
allows writes to the array, when set to a ‘0’ the latch 


FIGURE 3-6: 


high impedance 





prohibits writes to the array. The state of this bit can 
always be updated via the WREN or WRDI commands 
regardless of the state of write protection on the status 
register. This bit is read only. 


The Block Protection (BPO and BP1) bits indicate 
which blocks are currently write protected. These bits 
are set by the user issuing the WRSR instruction. 
These bits are non-volatile. 


See Figure 3-6 for the RDSR timing sequence. 


READ STATUS REGISTER SEQUENCE 


data from status register 


SSS TREN A RA EP ESAS SE TTD NW PA i Ft DSI ICSD EE ED STG EOE EE A MOE SATE NED EAS PR A SSO A ETE TE TE PIT BLES OL LIST CED 
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3.6 Write Status Register(WRSR) 


The WRSR instruction allows the user to select one of 
four levels of protection for the array by writing to the 
appropriate bits in the status register. The array is 
divided up into four segments. The user has the ability 
to write protect none, one, two, or all four of the seg- 
ments of the array. The partitioning is controlled as 
illustrated in Table 3-2. 


The Write Protect Enable (WPEN) bit is a non-volatile 
bit that is available as an enable bit for the WP pin. The 
Write Protect (WP) pin and the Write Protect Enable 
(WPEN) bit in the status register control the program- 
mable hardware write protect feature. Hardware write 
protection is enabled when WP pin is low and the 
WPEN bit is high. Hardware write protection is dis- 
abled when either the WP pin is high or the WPEN bit 
is low. When the chip is hardware write protected, only 


writes to non-volatile bits in the status register are dis- 
abled. See Table 3-3 for a matrix cu TuneInene on the 
WPEN bit. 


See Figure 3-7 for the WRSR timing sequence. 
TABLE 3-2: ARRAY PROTECTION 


BPO Array Addresses 
— Protected 
upper ee 
(O600h - O07FFh) 
upper 1/2 
(0400h - 07FFh) 
1 , all 
(0000h - 07FFh) 













FIGURE 3-7: WRITE STATUS REGISTER SEQUENCE 


<+_———__ instruction 


a | _ data to status register 


high impedance 
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3.7 Data Protection | 3.8 Power On State 
The following protection has been implemented to pre- The 25xx160 powers on in the following state: 
vent inadvertent writes to the array: * The device is in low power standby mode 
¢ The write enable latch is reset on power-up. (CS=1). 
¢ A write enable instruction must be issued to set ¢ The write enable latch is reset. 
the write enable latch. ¢ SO is in high impedance state. 


e 


¢ After a byte write, page write, or status register A low level on CS is required to enter active state. 
write, the write enable latch is reset. 

¢ CS must be set high after the proper number of 

clock cycles to start an internal write cycle. 

Access to the array during an internal write cycle 


is ignored and programming is continued. 





TABLE 3-3: WRITE PROTECT FUNCTIONALITY MATRIX 


[ween [we | wet | Protected Blocks | Unprotected blocks | Statue Reiser 
Px fT XT 0 Protected | Protected [Protected 
| 1 | Protected =| Writable, | Writable 
| 1 | Protected =| Writable, =| Protected = 
| 1 | Protected =| Writable =| Writable 




















. a 
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25AA160/25LC160/25C160 PRODUCT IDENTIFICATION SYSTEM | 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 
25xx160 — IP 
| Baciane: P = Plastic DIP (300 mil Body), 8-lead 
ge: SN = Plastic SOIC (150 mil Body), 8-lead 
Blank =0°C to +70°C 


I =-40°C to +85°C 
E =-40°C to +125°C 


Temperature 
Range: 


25AA160 16K bit 1.8V SPI Serial EEPROM 
25AA160T 16K bit 1.8V SPI Serial EEPROM Tape & Reel 

25LC160 16K bit 2.5V SPI Serial EEPROM 
25LC160T 16K bit 2.5V SPI Serial EEPROM Tape & Reel 

25C160 = 16K bit 5.0V SPI Serial EEPROM 
25C160T 16K bit 5.0V SPI Serial EEPROM Tape & Reel 


Devices: 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 
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DEVICE SELECTION TABLE 


| Part | Vcc ; Max Clock | Temp | 
Number Range Frequency | Ranges 
25C320 | 45-5.5V 
25.0320 | 25-5.5V 

FEATURES | 


e Low power CMOS technology 

- Write current: 3 mA maximum 

- Read current: 500 pA typical 

- Standby current: 500 nA typical 
4096 x 8 bit organization 

32 byte page 

Write cycle time: 5ms max. 

Self-timed ERASE and WRITE cycles 
Block write protection 

- Protect none, 1/4, 1/2, or all of array 
Built-in write protection 

- Power on/off data protection circuitry 
- Write enable latch 

- Write protect pin 

Sequential read 

High reliability 

- Endurance: 1M cycles (guaranteed) 
- Data retention: > 200 years 

- ESD protection: > 4000 V 

8-pin PDIP, SOIC, and 14 lead TSSOP packages 
Temperature ranges supported: 





- Commercial (C): 0°C to +70°C 

- Industrial (i): -40°C to +85°C 

- Automotive (E) (25C320): -40°C to +125°C 
DESCRIPTION 


The Microchip Technology: Inc. 25LC320/25C320 
(25xx320) are 32K bit serial Electrically Erasable 
PROMs. The memory is accessed via a simple Serial 
Peripheral Interface (SPI):compatible serial bus. The 
bus signals required are a clock input (SCK) plus sep- 
arate data in (SI) and data out (SO) lines. Access to the 
device is controlled through a chip select (CS) input. 


Communication to the device can be paused via the 
hold pin (HOLD). While the device is paused, transi- 
tions on its inputs will be ignored, with the exception of 
chip select, allowing the host to service higher priority 
interrupts. 


PACKAGE TYPES 


PDIP, SOIC 


1/0 Control 


*25xx320 is used in this document as a generic part number for the 25LC320/25C320 devices. 


SPI is a trademark of Motorola. 


© 1998 Microchip Technology Inc. 
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1.0 ELECTRICAL FIGURE 1-1: AC TEST CIRCUIT 
CHARACTERISTICS | 

1.1 Maximum Ratings* 

nfo! oe AED ney Rm ne Tee tp BERR me rr eee SNe ne eT ey eee 7.0V 

All inputs and outputs w.r.t. VSS......... eee -0.6V to Vec+1.0V 

Storage temperature ...........ssceccscsesseeseeeseenees -65°C to 150°C. 

Ambient temperature under bias..................... -65°C to 125°C 

Soldering temperature of leads (10 seconds)............. +300°C 

ESD protection on alll Pins...............:scsscccssssssssresssneceeesees 4kV 


“Notice: Stresses above those listed under ‘Maximum ratings’ may. 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 1.2 AC Test Conditions 
not implied. Exposure to maximum rating conditions for an extended Ie ee oe ap 
period of time may affect device reliability 





AC Waveform: 
TABLE 1-1: | PIN FUNCTION TABLE NO ew 
VHI = VCC - 0.2V (Note 1) 

VHI = 4.0V (Note 2) 
Chip Select Input Timing Measurement Reference Level 
Serial Data Output Input 0.5 Vcc 
Serial Data Input Output 0.5 Vcc 
Serial Clock Input Note 1: For Vcc < 4.0V | 
Write Protect Pin 2: For Vcc > 4.0V 


Ground 
Supply Voltage 
Hold Input 





TABLE 1-2: DC CHARACTERISTICS 


All parameters apply over the | Commercial (C): | TAMB = 0°C to +70°C Vcc = 2.5V to 5.5V 
specified operating ranges Industrial (I): TAMB = -40°C to +85°C Vcc = 2.5V to 5.5V 
unless otherwise noted. Automotive (E): TAMB = -40°C to +125°C }=9—6 Vcc = 4..5V to 5.5V (25C320 only) 





























[wz | -03_| osves |v [voc<27V(Noe) 
[= [oa [Vv fiocee 















High level input voltage 


Low level output voltage 


[oa |v 


O 
Internal Capacitance CINT 7 pF | TAMB = 25°C, CLK = 1.0 MHz, 
(all inputs and outputs) | Vcc = 5.0V (Note) 
Icc Read mA | Vcc = 5.5V; FCLK=3.0 MHz; SO = Open 
wA | Vcc = 2.5V; FCLK=2.0 MHz; SO = Open 
Operating Current : 
icc Write mA_ | Vcc= 5.5V 
mA |Vcc =2.5V 
Standby Current Iccs uA | CS =Vcc = 5.5V, Inputs tied to Vcc or Vss 
WA |CS = Vcc = 2.5V, Inputs tied to Vcc or Vss 


Note: This parameter is periodically sampled and not 100% tested. 
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TABLE 1-3: AC CHARACTERISTICS 


All parameters apply over the 















Commercial (C): Tamb = 0°C to +70°C Vcc = 2.5V to 5.5V 
specified operating ranges Industrial (I): Tamb = -40°C to +85°C Vcc = 2.5V to 5.5V 
unless otherwise noted. Automotive (E): Tamb = -40°C to+125°C Vcc = 4.5V to 5.5V (25C320 only) 


[Parameter | _Symbot_| min | Mex | Units | Test Conditions | 
Clock Frequency FCLK 3 MHz Vcc = 4.5V to 5.5V 
2 MHz Vcc = 2.5V to 4.5V 
S Setup Time Tcss 100 Vcc = 4.5V to 5.5V 
250 Vcc = 2.5V to 4.5V 























CS Hold Time TCSH 150 _ ns Vcc = 4.5V to 5.5V 
250 — ns Vcc = 2.5V to 4.5V 


Data Setup Time TSU 30 


Data Hold Time THD 50 Vcc = 4.5V to 5.5V 
100 Vcc = 2.5V to 4.5V 


ee ee 
[2 48 
oan 
— 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 


Clock High Time THI 150 Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Clock Low Time TLO 150 
250 


Output Valid from Tv 
Clock Low 
Output Hold Time [to «| oi 


HOLD Setup Time THS 100 


Ee 
HOLD Hold Time THH 100 
pi | = 
fa Ba 
am 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 


| ns __| (Note 1) 
Vcc = 4.5V to 5.5V (Note 1) 
Vcc =.2.5V to 4.5V (Note 1 
a Vcc = 4.5V to 5.5V 


Vcc = 2.5V to 4.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 


Vcc = 4.5V to 5.5V (Note 1) 
Vcc = 2.5V to 4.5V (Note 1) 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 


HOLD Low to Output High-Z THZ 100 
150 
HOLD High to Output Valid THV 
150 


Internal Write Cycie Time 


Note 1: This parameter is periodically sampled and not 100% tested. 
2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, 
please consult the Total Endurance Model which can be obtained on Microchip's BBS or website. 


4 
= 
(?) 


E/W Cycles | (Note 2) 
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FIGURE 1-2: HOLD TIMING 


n+1 


high i d 
ig = ane, 


don’t care 


CX KKK MD FAZFAF ASF AS Y VZFrASF AS LZ SZ 
n+2 (n+t XL MRO, LS 1M 


FIGURE 1-3: SERIAL INPUT TIMING 


Tcss 


Mode 1,1 


ee a 


SCK Mode 0.0 





TSU |<q———» THD 


SD C=) GD CD NED TD 


high impedance 














FIGURE 1-4: SERIAL OUTPUT TIMING 


MSB out ee ISB out 
S| a don't care rf 
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2.0 PIN DESCRIPTIONS 
2.1 Chip Select (CS) 


A low level on this pin selects the device. A high level 
deselects the device and forces it into standby mode. 
However, a programming cycle which is already initi- 
ated or in progress will be completed, regardless of 
the CS input signal. If CS is brought high during a pro- 
gram cycle, the device will go in standby mode as 
soon as the programming cycle is complete. As soon 
as the device is deselected, SO goes to the high 
impedance state, allowing multiple parts to share the 
same SPI bus. A low to high transition on CS after a 
valid write sequence initiates an internal write cycle. 
After power-up, a low level on CS is required prior to 
any sequence being initiated. 


2.2 Serial Input (Sl) 


The SI pin is used to transfer data into the device. It 
receives instructions, addresses, and data. Data is 
latched on the rising edge of the serial clock. 


2.3 Serial Output (SO) 


The SO pin is used to transfer data out of the 25xx320. 
During a read cycle, data is shifted out on this pin after 
the falling edge of the serial clock. 


2.4 Serial Clock (SCK) 


The SCK is used to synchronize the communication 
between a master and the 25xx320. Instructions, 
addresses, or data present on the SI pin are latched 
on the rising edge of the clock input, while data on the 
SO pin is updated after the falling edge of the clock 
input. 


2.5 Write Protect (WP) 


This pin is used in conjunction with the WPEN bit in 
the status register to prohibit writes to the non-volatile 
bits in the status register. When WP is low and WPEN 
is high, writing to the non-volatile bits in the status reg- 
ister is disabled. All other operations function normally. 
When WP is high, all functions, including writes to the 
non-volatile bits in the status register operate nor- 
mally. If the WPEN bit is set, WP low during a status 
register write sequence will disable writing to the sta- 
tus register. If an internal write cycle has already 
begun, WP going low will have no effect on the write. 


The WP pin function is blocked when the WPEN bit in 
the status register is low. This allows the user to install 
the 25xx320 in a system with WP pin grounded and 
still be able to write to the status register. The WP pin 
functions will be enabled when the WPEN bit is set 
high. 


2.6 Hold (HOLD) 


The HOLD pin is used to suspend transmission to the 
25xx320 while in the middle of a serial sequence with- 
out having to re-transmit the entire sequence over at a 
later time. It must be held high any time this function is 
not being used. Once the device is selected and a 
serial sequence is underway, the HOLD pin may be 
pulled low to pause further serial communication with- 
out resetting the serial sequence. The HOLD pin must 
be brought low while SCK is low, otherwise the HOLD 
function will not be invoked until the next SCK high to 
low transition. The 25xx320 must remain selected dur- 
ing this sequence. The S!, SCK, and SO pins are in a 
high impedance state during the time the part is 
paused and transitions on these pins will be ignored. 
To resume serial communication, HOLD must be 
brought high while the SCK pin is low, otherwise serial 
communication will not resume. Lowering the HOLD 
line at any time will tri-state the SO line. 








A YB TRI FS PPh TCP SE PCE IT SE ISTEP SOOT EP SE TIS SIA IE CT SE RTI TS TE PE OE EE EES 
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3.0 FUNCTIONAL DESCRIPTION 
3.1 PRINCIPLES OF OPERATION 


‘The 25xx320 are 4096 byte Serial EEPROMs 
designed to interface directly with the Serial Peripheral 
Interface (SPI) port of many of today’s popular micro- 
controller families, including Microchip’s PIC16C6X/7X 
microcontrollers. It may also interface with microcon- 
trollers that do not have a built-in SPI port by using dis- 
crete I/O lines programmed properly with the 
software. 


The 25xx320 contains an 8-bit instruction register. The 
part is accessed via the SI pin, with data being clocked 
in on the rising edge of SCK. The CS pin must be low 
and the HOLD pin must be high for the entire opera- 
tion. 





Table 3-1 contains a list of the possible instruction 
bytes and format for device operation. All instructions, 
addresses, and data are transferred MSB first, LSB 
last. 


Data is sampled on the first rising edge of SCK after 
CS goes low. If the clock line is shared with other 
peripheral devices on the SPI bus, the user can assert 
the HOLD input and place the 25xx320 in ‘HOLD’ 
mode. After releasing the HOLD pin, operation will 
resume from the point when the HOLD was asserted. 








3.2 Read Sequence 


The part is selected by pulling CS low. The 8-bit read 
instruction is transmitted to the 25xx320 followed by the 
16-bit address, with the four MSBs of the address being 
don’t care bits. After the correct read instruction and 
address are sent, the data stored in the memory at the 
selected address is shifted out on the SO pin. The data 
stored in the memory at the next address can be read 
sequentially by continuing to provide clock pulses. The 
internal address pointer is automatically incremented 
to the next higher address after each byte of data is 
shifted out. When the highest address is reached 
(OFFFh), the address counter rolls over to address 
0000h allowing the read cycle to be continued indefi- 
nitely. The read operation is terminated by raising the 
CS pin (Figure 3-1). 


TABLE 3-1: 


INSTRUCTION SET 















READ 
WRITE 
WRD 
WREN 
DSR 
WRSR 


3.3 Write Sequence. 


Prior to any attempt to write data to the 25xx320, the 
write enable latch must be set by issuing the WREN 
instruction (Figure 3-4). This is done by setting CS low 
and then clocking out the proper instruction into the 
25xx320. After all eight bits of the instruction are trans- 
mitted, the CS must be brought high to set the write 
enable latch. If the write operation is initiated immedi- 
ately after the WREN instruction without CS being 
brought high, the data will not be written to the array 
because the write enable latch will not have been 
properly set. 


Once the write enable latch is set, the user may pro- 
ceed by setting the CS low, issuing a write instruction, 
followed by the 16-bit address, with the four MSBs of 
the address being don’t care bits, and then the data to 
be written. Up to 32 bytes of data can be sent to the 
25xx320 before a write cycle is necessary. The only 
restriction is that all of the bytes must reside in the 
same page. A page address begins with XXXX XXXX 
XXX0 0000 and ends with XXXX XXXX XXX1 1111. if 
the internal address counter reaches XXXX XXXX 
XXX1 1111 and the clock continues, the counter will 
roll back to the first address of the page and overwrite 
any data in the page that may have been written. 


For the data to be actually written to the array, the CS 
must be brought high after the least significant bit (DO) 
of the n'" data byte has been clocked in. If CS is 
brought high at any other time, the write operation will 
not be completed. Refer to Figure 3-2 and Figure 3-3 
for more detailed illustrations on the byte write 
sequence and the page write sequence respectively. 
While the write is in progress, the status register may 
be read to check the status of the WPEN, WIP, WEL, 
BP1, and BPO bits (Figure 3-6). A read attempt of a 
memory array location will not be possible during a 
write cycle. When the write cycle is completed, the 
write enable latch is reset. 
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FIGURE 3-1: READ SEQUENCE 


0123 45 6 7 8 9g 10 11 21 22 23 24 25 26 27 28 29 30 31 
SCK 


<——-_ instruction —————-~- | + 16 bit address-—-_> 
so 0 0 0 0 oft tHa\iyale) --.. 


high impedance <+—_———— data out—___> | 


FIGURE 3-2: BYTE WRITE SEQUENCE 


[ne ne ee ee eee iiss 


0123 4 5 6 7 8 Q9 10 11 21 22 23 24 25 26 27 28 29 30 31 






SCK 


FIGURE 3-3: PAGE WRITE SEQUENCE 


C—O Nc sf mf 





21 22 23 24 25 26 27 28 29 30 31 





23 45 6 7 8 9 10 11 





SCK 


+———- instruction —————~ ;———- 16 bit addres 
SI \2 00 00 0/7 0 (a 312 tones 











32 33 3435 36 37 38 39 40 41 42 43 44 45 46 47 


<——— data byte 2 =«——_ data byte 3 +— data byte n (32 max)—> 
SI--- R7KEXSK4X SKK AX OK 7H SX SK 4K SK AK UK OF-- {7H EK SK 4K SK 2X KO) 
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3.4 Write Enable (WREN) and Write The following is a list of conditions under which the 
. Disable (WRDI) . write enable latch will be reset: 

The 25xx320 contains a write enable latch. See : POMerP . 

Table 3-3 for the Write Protect Functionality Matrix. * WADI instruction successfully executed 

This latch must be set before any write operation will ¢ WRSR instruction successfully executed 

be completed internally. The WREN instruction will set ¢ WRITE instruction successfully executed 


the latch, and the WRDI will reset the latch. 


FIGURE 3-4: WRITE ENABLE SEQUENCE 


high impedance 





FIGURE 3-5: WRITE DISABLE SEQUENCE 


high impedance 
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3.5 Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is for- 
matted as follows: | 


| 7 jejsij4} a {21 fo 
_ WEN | x] x] x] 8P1 | BPO | WEL | WIP | 


The Write-in-Process (WIP) bit indicates whether the 
25xx320 is busy with a write operation. When set to a 
‘1’ a write is in progress, when set to a ‘0’ no write is in 
progress. This bit is read only. 


The Write Enable Latch (WEL) bit indicates the sta- 
tus of the write enable latch. When set to a ‘1’ the latch 
allows writes to the array, when set to a ‘0’ the latch 
prohibits writes to the array. The state of this bit can 
always be updated via the WREN or WRDI commands 
regardless of the state of write protection on the status 
register. This bit is read only. 


The Block Protection (BPO and BP1) bits indicate 
which blocks are currently write protected. These bits 
are set by the user issuing the WRSR instruction. 
These bits are non-volatile. 


See Figure 3-6 for the RDSR timing sequence. 


FIGURE 3-6: READ STATUS REGISTER SEQUENCE 








high impedance 


data from status register 
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3.6 Write Status Register(WRSR) . 


The WRSR instruction allows the user to select one of 
four levels. of protection for the array by writing to the 
appropriate bits in the status register. The array is 
divided up into four segments. The user has the ability 
to write protect none, one, two, or all four of the seg- 
ments of the array. The partitioning is controlled as 
illustrated in Table 3-2. | 


The Write Protect Enable (WPEN) bit is a non-volatile 
bit that is available as an enable bit for the WP pin. 
The Write Protect (WP) pin and the Write Protect 
Enable (WPEN) bit in the status register control the 
programmable hardware write protect feature. Hard- 
ware write protection is enabled when WP pin is low 
and the WPEN bit is high. Hardware write protection is 
disabled when either the WP pin is high or the WPEN 
bit is low. When the chip is hardware write protected, 





only writes to non-volatile bits in the status register are 
disabled. See Table 3-3 for a matrix of functionality on 
the WPEN bit. 


See Figure 3-7 for the WRSR timing sequence. 
TABLE 3-2: ARRAY PROTECTION 


BPO | Array Addresses 
Write Protected 

, upper 1/4 
(OCOOh - OFFFh) 


1 upper 1/2 
(0800h - OFFFh) 

, all 
(0000h - OFFFh) 


FIGURE 3-7: WRITE STATUS REGISTER SEQUENCE 


<«—--——__ instruction 


—_———_ ——— data to status register 
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3.7 Data Protection 3.8 Power On State 


The following protection has been implemented to pre- The 25xx320 powers on in the following ‘state: 


vent inadvertent writes to the array: © The device is in low power standby mode 


¢ The write enable latch is reset on power-up. (CS = 1). 
* A write enable instruction must be issued to set ¢ The write enable latch is reset. 
the write enable latch. ¢ SO is in high impedance state. 
¢ After a byte write, page write, or status register ¢ A low level on CS is required to enter active state. 


write, the write enable latch is reset. 
¢ CS must be set high after the proper number of 
clock cycles to start an internal write cycle. 
Access to the array during an internal write cycle 
is ignored and programming is continued. 


TABLE 3-3: WRITE PROTECT FUNCTIONALITY MATRIX 


Protected Blocks | Unprotected Blocks Status Register 
Protected Protected Protected 


Protected Writable Writable 
Protected Writable Protected 
Writable Writable 
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25LC320/25C320 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


25xx320 — IP 


P = Plastic DIP (300 mil Body), 8-lead 
Package: SN = Plastic SOIC (150 mil Body), 8-lead 
7 ST = TSSOP, 14-lead 


Blank =0°C to +70°C 
I =—40°C to +85°C 
E =-—40°C to +125°C 


Temperature 
Range: 


25LC320 32K bit 2.5V SPI Serial EEPROM 
25LC320T 32K bit 2.5V SPI Serial EEPROM Tape and Reel 
- 25C320 32K bit 5.0V SPI Serial EEPROM 

25C320T 32K bit 5.0V SPI Serial EEPROM Tape and Reel 


Devices: 





Sales and Support | 


Data Sheets : 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
The Microchip Worldwide Web Site (www.microchip.com) 





re . en . a, , ; 
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64K SPI” Bus Serial EEPROM 





DEVICE SELECTION TABLE 


Part Max Ciock 
Number 


| Frequency 
25AA640 | 1.8-5.5V | 1MHz | Cl 
G 


FEATURES 


¢ Low power CMOS technology 

- Write current: 3 mA typical 

- Read current: 500 uA typical 

- Standby current: 500 nA typical 
8192 x 8 bit organization 

32 byte page 

Write cycle time: 5ms max. 

Self-timed ERASE and WRITE cycles 
Block write protection 

- Protect none, 1/4, 1/2, or all of array 
¢ Built-in write protection 

- Power on/off data protection circuitry 
- Write enable latch 

- Write protect pin 

Sequential read 

High reliability 

- Endurance: 1M cycles (guaranteed) 
- Data retention: > 200 years 

- ESD protection: > 4000 V 

8-pin PDIP, SOIC, and TSSOP packages 


Temperature ranges supported: 
- Commercial (C): 










Vcc 
Range 
















e 


0°C to +70°C 


- Industrial (1): -40°C to +85°C 
- Automotive (E) (25C640):: -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 25AA640/25LC640/ 
25C640 (25xx640 ) is a 64K bit serial Electrically Eras- 
able PROM. The memory is accessed via a simple 
Serial Peripheral Interface (SPI) compatible serial bus. 
The bus signals required are a clock input (SCK) plus 
separate data in (SI) and data out (SO) lines. Access to 
the device is controlled through a chip select (CS) 
input. 

Communication to the device can be paused via the 
hold pin (HOLD). While the device is paused, transi- 
tions on its inputs will be ignored, with the exception of 
chip select, allowing the host to service higher priority 
interrupts. 


PACKAGE TYPES 


PDIP/SOIC 


HV Generator 


EEPROM 


1/O Control 


Arra 
Logic y 


Page Latches 
Sense Amp. 
R/W Control 





*25xx640 is used in this document as a generic part number for the 25AA640/25LC640/25C640 devices. 


SPI is a trademark of Motorola. 
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1.0 ELECTRICAL FIGURE 1-1: AC TEST CIRCUIT 
_ CHARACTERISTICS | 

1.1 Maximum Ratings* 

NGG etait esten Os Lapseamhen ad oe7 OV 

All inputs and outputs w.rt. VSS... -0.6V to Vcc+1.0V 

Storage temperature ............cccesssesssrceessseeees -65°C to 150°C 

Ambient temperature under bias..................... -65'C to 125°C 

Soldering temperature of leads (10 seconds).............. +300°C 

ESD protection On all PiNs...............ccssccsccsssserceesssseeeeeesnees 4kV 


“Notice: Stresses above those listed under ‘Maximum ratings’ may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions 
above those indicated in the operational listings of this specification is 1.2 AC Test Conditions 
not implied. Exposure to maximum rating conditions for an extended pe ee are Se 
period of time may affect device reliability 


AC Waveform: 
TABLE 1-1: | PIN FUNCTION TABLE veo EN 
VHI = Vcc - 0.2V (Note 1) 
VHi = 4.0V (Note 2) 
Chip Select Input Timing Measurement Reference Level 
Serial Data Output Input 0.5 Vcc 
Serial Data Input Output 0.5 Vcc 


Serial Clock Input 
Write Protect Pin 
Ground 

Supply Voltage 
Hold Input 


Note 1: For Vcc < 4.0V 
2: For Vcc > 4.0V 





TABLE 1-2: DC CHARACTERISTICS 


All parameters apply over the | Commercial (C): Tamb = 0°C to +70°C Vcc = 1.8V to 5.5V 
specified operating ranges Industrial (I): Tamb = -40°C to +85°C Vcc = 1.8V to 5.5V 
unless otherwise noted. Automotive (E): Tamb = -40°C to +125°C Vcc = 4.5V to 5.5V (25C640 only) 


ig RIBISRGpULWel | Vwi | 20 | Vocei | Vo |Voc227V(Notey 
paella Sibir | wiz | 07Vvec | vocst | Vv |[Voc<27V(Notey = sid 
Low lve meutvotags SLO ee 




















Vcc < 2.7V (Note) 


VOL 0.4 V 1IOL = 2.1 MA 
ey ee Ee 


High level output voltage | vec-05 | — | Vv | lOH =-400 pA 
| Input leakage current Fou | 10 CS = Vcc, VIN = Vss TO Vcc 
[Output leakage current | uo | 10. | 10 | mA |CS= oo, Vour= vss To Voo 









Internal Capacitance CINT 7 pF | TAMB = 25°C, CLK = 1.0 MHz 
(all inputs and outputs) Vcc = 5.0V (Note) 
Icc Read mA_ | Vcc = 5.5V; FCLK=3.0 MHz; SO = Open 
wA | VCC = 2.5V; FCLK=2.0 MHz; SO = Open 
Icc Write mA | Vcc= 5.5V | 
mA |Vcc=2.5V 












Operating Current 
uA |CS = Vcc = 5.5V, Inputs tied to Vcc or Vss 


Standby Current 
yA 


Note: This parameter is periodically sampled and not 100% tested. 





CS = Vcc = 2.5V, Inputs tied to Vcc or Vss 
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TABLE 1-3: AC CHARACTERISTICS 
All parameters apply over the 
specified operating ranges 
unless otherwise noted. 












Commercial (C): Tamb = 0°C to +70°C Vcc = 1.8V to 5.5V 
Industrial (1): Tamb = -40°C to +85°C Vcc = 1.8V to 5.5V 
Automotive (E): Tamb=-40°C to+125°C Vcc = 4.5V to 5.5V (25C640 only) 





Clock Frequency 

















FCLK 3 MHz 





Vcc = 4.5V to 5.5V (Note 2) 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 
VCC = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 





— 
ss 
rr 
NN 









CS Setup Time 


CS Hold Time TCSH 150 
| 250 
475 


CS Disable Time Tcosp 


Data Setup Time Tsu 30 Vcc = 4.5V to 5.5V 
50 Vcc = 2.5V to 4.5V 















50 Vcc = 1.8V to 2.5V 


Data Hold Time THD 50 Vcc = 4.5V to 5.5V 
100 
100 


Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 
CLK Rise Time < TR 
CLK Fall Time TF 


Clock High Time THI 150 
250 
475 


Clock Low Time TLO 150 
250 
475 


Clock Delay Time TCLD 
Clock Enable Time TCLE 


Output Valid from 
Clock Low 













Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 


Vcc = 4.5V to 5.5V 
Vcc = 2.5V to 4.5V 
Vcc = 1.8V to 2.5V 















Output Hold Time 


Output Disable Time 


+ 
x= 


<= 
bhp a 
Nao 
woo 


O 
TDIS 





Vcc = 4.5V to 5.5V (Note 1) 
Vcc = 2.5V to 4.5V (Note 1) 
Vcc = 1.8V to 2.5V (Note 1) 














HOLD Setup Time THS 100 Vcc = 4.5V to 5.5V 
100 Vcc = 2.5V to 4.5V 
200 Vcc = 1.8V to 2.5V 
HOLD Hold Time THH 100 Vcc = 4.5V to 5.5V 
100 Vcc = 2.5V to 4.5V 
200 Vcc = 1.8V to 2.5V 
HOLD Low to Output High-Z THZ 100 Vcc = 4.5V to 5.5V (Note 1) 
150 Vcc = 2.5V to 4.5V (Note 1) 
200 Vcc = 1.8V to 2.5V (Note 1) 
HOLD High to Output Valid THV 100 Vcc = 4.5V to 5.5V 
150 Vcc = 2.5V to 4.5V 
200 Vcc = 1.8V to 2.5V 
intemal Write GycieTime | __twe | ~— ‘| 6 
[endurance S| SS SCT SMT OCS 


Note 1: This parameter is periodically sampled and not 100% tested. 
2: FCLK max. = 2.5 MHz for Tamb > 85°C 
3: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific application, please 
consult the Total Endurance Model which can be obtained on Microchip’s BBS or website. 
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FIGURE 1-2: HOLD TIMING 





r buss THs, ,THH 


—p | | 


SCK 


THZ 


SO ae high impedance 





m2 X_met YX [sy —_=EED 





FIGURE 1-3: SERIAL INPUT TIMING 


SCK Mode 0,0 


TSU |<—» 


high impedance . 





FIGURE 1-4: SERIAL OUTPUT TIMING 


st — don’t care rf | 
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2.0 PIN DESCRIPTIONS 
2.1 Chip Select (CS) 


A low level on this pin selects the device. A high level 
deselects the device and forces it into standby mode. 
However, a programming cycle which is already initi- 
ated or in progress will be completed, regardless of 
the CS input signal. If CS is brought high during a pro- 
gram cycle, the device will go in standby mode as 
soon as the programming cycle is complete. As soon 
as the device is deselected. SO goes to the high 
impedance state, allowing multiple parts to share the 
same SPI bus. A low to high transition on CS after a 
valid write sequence initiates an internal write cycle. 
After power-up, a high to low transition on CS is 
required prior to any sequence being initiated. 


2.2 Serial Input (Sl) 


The SI pin is used to transfer data into the device. It 
receives instructions, addresses, and data. Data is 
latched on the rising edge of the serial clock. 


2.3 Serial Output (SO) 


The SO pin is used to transfer data out of the 25xx640. 
During a read cycle, data is shifted out on this pin after 
the falling edge of the serial clock. 


2.4 Serial Clock (SCK) 


The SCK is used to synchronize the communication 
between a master and the 25xx640. Instructions, 
addresses, or data present on the Si pin are latched 
on the rising edge of the clock input, while data on the 
SO pin is updated after the falling edge of the clock 
input. 


2.5 Write Protect (WP) 


This pin is used in conjunction with the WPEN bit in 
the status register to prohibit writes to the non-volatile 
bits in the status register. When WP is low and WPEN 
is high, writing to the non-volatile bits in the status reg- 
ister is disabled. All other operations function nor- 
mally. When WP is high, all functions, including writes 
to the non-volatile bits in the status register operate 
normally. If the WPEN bit is set, WP low during a sta- 
tus register write sequence will disable writing to the 
status register. If an internal write cycle has already 
begun, WP going low will have no effect on the write. 


The WP pin function is blocked when the WPEN bit in 
the status register is low. This allows the user to install 
the 25AA640/25LC640/25C640 in a system with WP 
pin grounded and still be able to write to the status 
register. The WP pin functions will be enabled when 
the WPEN bit is set high. 


2.6 Hold (HOLD 


The HOLD pin is used to suspend transmission to the 
25xx640 while in the middle of a serial sequence with- 
out having to re-transmit the entire sequence over at a 
later time. It must be held high any time this function is 
not being used. Once the device is selected and a 
serial sequence is underway, the HOLD pin may be 
pulled low to pause further serial communication with- 
out resetting the serial sequence. The HOLD pin must 
be brought low while SCK is low, otherwise the HOLD 
function will not be invoked until the next SCK high to 
low transition. The 25xx640 must remain selected dur- 
ing this sequence. The SI, SCK, and SO pins are in a 
high impedance state during the time the part is 
paused and transitions on these pins will be ignored. 
To resume serial communication, HOLD must be 
brought high while the SCK pin is low, otherwise serial 
communication will not resume. Lowering the HOLD 
line at any time will tri-state the SO line. 
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3.0 FUNCTIONAL DESCRIPTION 
3.1 PRINCIPLES OF OPERATION 


The 25xx640 is a 8192 byte Serial EEPROM designed 
to interface directly with the Serial Peripheral Interface 
(SPI) port of many .of today’s popular microcontroller 
families, including Microchip’s PIC16C6X/7X micro- 
controllers. It may also interface with microcontrollers 
that do not have a built-in SPI port by using discrete 
I/O lines programmed properly with the software. 


The 25xx640 contains an 8-bit instruction register. The 
part is accessed via the SI pin, with data being clocked 
in on the rising edge of SCK. The CS pin must be low 
and the HOLD pin must be high for the entire opera- 
tion. 


Table 3-1 contains a list of the possible instruction 
bytes and format for device operation. All instructions, 
addresses, and data are transferred MSB first, LSB 
last. 


Data is sampled on the first rising edge of SCK after 
CS goes low. If the clock line is shared with other 
peripheral devices on the SPI bus, the user can assert 
the HOLD input and place the 25xx640 in ‘HOLD’ 
mode. After releasing the HOLD pin, operation will 
resume from the point when the HOLD was asserted. 


3.2 Read Sequence 


The part is selected by pulling CS low. The 8-bit read 
instruction is transmitted to the 25xx640 followed by the 
16-bit address with the three MSB’s of the address 
being don’t care bits. After the correct read instruction 
and address are sent, the data stored in the memory at 
the selected address is shifted out on the SO pin. The 
data stored in the memory at the next address can be 
read sequentially by continuing to provide clock pulses. 
The internal address pointer is automatically incre- 
mented to the next higher address after each byte of 
data is shifted out. When the highest address is 
reached (1FFFh), the address counter rolls over to 
address 0000h allowing the read cycle to be continued 
indefinitely. The read operation is terminated by raising 
the CS pin (Figure 3-1). 





TABLE 3-1: INSTRUCTION SET 


instruction Name Instruction Format 













3.3 Write Sequence 


Prior to any attempt to write data to the 25xx640 array 
or status register, the write enable latch must be set by 
issuing the WREN instruction (Figure 3-4).. This is 
done by setting CS low and then clocking out the 
proper instruction into the 25xx640. After all eight bits 
of the instruction are transmitted, the CS must be 
brought high to set the write enable latch. If the write 
operation is initiated immediately after the WREN 
instruction without CS being brought high, the data will 
not be written to the array because the write enable 
latch will not have been properly set. 


Once the write enable latch is set, the user may pro- 
ceed by setting the CS low, issuing a write instruction, 
followed by the address, and then the data to be writ- 
ten. Up to 32 bytes of data can be sent to the 25xx640 
before a write cycle is necessary. The only restriction 
is that all of the bytes must reside in the same page. A 
page address begins with XXX0 0000 and ends with 
XXX1 1111. If the internal address counter reaches 
XXX1 1111 and the clock continues, the counter will 
roll back to the first address of the page and overwrite 
any data in the page that may have been written. 


For the data to be actually written to the array, the CS 
must be brought high after the least significant bit (DO) 
of the n" data byte has been clocked in. If CS is 
brought high at any other time, the write operation will 
not be completed. Refer to Figure 3-2 and Figure 3-3 
for more detailed illustrations on the byte write 
sequence and the page write sequence respectively. 
While the write is in progress, the status register may 
be read to check the status of the WPEN, WIP, WEL, 
BP1, and BPO bits (Figure 3-6). A read attempt of a 
memory array location will not be possible during a 
write cycle. When the write cycle is completed, the 
write enable latch is reset. 


[Apsk [00000101 —~(Readstatusregiter 
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FIGURE 3-1: READ SEQUENCE 


Se ee a es 


012 3 4 5 6 7 8 9 10 11 21 22 23 24 25 26 27 28 29 30 31 


SCK 


<————_jnstruction ~~ | + 16 bit address —————- > 


ee | «—--——— dataout —_ 
high impedance 


$$ _. 





FIGURE 3-2: BYTE WRITE SEQUENCE 


a 


high impedance 
a a ca A 





FIGURE 3-3: PAGE WRITE SEQUENCE 


rr 









23 4 5 6 7 8 9 10 11 





21 22 23 24 25 26 27 28 29 30 31 





32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 


<+——__ data byte2 ————> +. databyte 3 ———-—~> <— data byte n (32 max) ——~ 
“FIX EK SK 4X SK2XINOR ZK EK SEKAN SHAK AK OF“ fZHEK SAAN SHAK AKO 
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3.4 Write Enable (WREN) and Write The following is a list: of conditions under which the 
| Disable (WRDI) | write enable latch will be reset: 
¢ Power-up 


The 25xx640 contains a write enable latch. See ; ; 
Table 3-3 for the Write Protect Functionality Matrix. * WADI instruction successfully executed 
This latch must be set before any write operation will ¢ WRSR instruction successfully executed 
be completed internally. The WREN instruction will set ¢ WRITE instruction successfully executed 
the latch, and the WRDI will reset the latch. 


FIGURE 3-4: WRITE ENABLE SEQUENCE 


high impedance 





FIGURE 3-5: WRITE DISABLE SEQUENCE 


nigh impedance 
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3.5 Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any time, 
even during a write cycle. The status register is format- 
ted as follows: 


ae ae ee ee 
The Write-In-Process (WIP) bit indicates whether the 
25xx640 is busy with a write operation. When set to a 
‘1’ a write is in progress, when set to a ‘0’ no write is in 
progress. This bit is read only. 


The Write Enable Latch (WEL) bit indicates the sta- 
tus of the write enable latch. When set to a ‘1’ the latch 
allows writes to the array and status register, when set 
to a ‘0’ the latch prohibits writes to the array and status 
register. The state of this bit can always be updated via 
the WREN or WRDI commands regardless of the state 
of write protection on the status register. This bit is 
read only. 


The Block Protection (BPO and BP1) bits indicate 
which blocks are currently write protected. These bits 
are set by the user issuing the WRSR instruction. 
These bits are non-volatile. 









See Figure 3-6 for RDSR timing sequence 
3.6 Write Status Register(WRSR) 


The WRSR instruction allows the user to select one of 
four levels of protection for the array by writing to the 
appropriate bits in the status register. The array is 


divided up into four segments. The user has the ability 
to write protect none, one, two, or all four of the seg- 
ments of the array. The partitioning is controlled as 
illustrated in Table 3-2. 


The Write Protect Enable (WPEN) bit is a non-volatile 
bit that is available as an enable bit for the WP pin. 
The Write Protect (WP) pin and the Write Protect 
Enable (WPEN) bit in the status register control the 
programmable hardware write protect feature. Hard- 
ware write protection is enabled when WP pin is low 
and the WPEN bit is high. Hardware write protection 
is disabled when either the WP pin is high or the 
WPEN bit is low. When the chip is hardware write pro- 
tected, only writes to non-volatile bits in the status reg- 
ister are disabled. See Table 3-3 for a matrix of 
functionality on the WPEN bit. 


See Figure 3-7 for WRSR timing sequence 
ARRAY PROTECTION 


Array Addresses 
Write Protected 


TABLE 3-2: 








w 
Uv 
oO 





upper 1/4 — 
(1800h - 1FFFh) 


upper 1/2 
(1000h - 1FFFh) 
all 
(0000h - 1FFFh) 








FIGURE 3-6: READ STATUS REGISTER SEQUENCE 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 


instruction 





FIGURE 3-7: WRITE STATUS REGISTER SEQUENCE 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 


<—————_ instruction ---————-> + data to status register 
si LO 0 0 0 0 0 O/ 1K 7KEXSX4X3K2K 1X9) 


high impedance © 


SO 
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3.7. - Data Protection 3.8 Power On State 

The following protection has been implemented to pre- The 25xx640 powers on in the following state: 

vent inadvertent writes to the array: | ¢ The device is in low power standby mode 

¢ The write enable latch is reset on power-up. (CS=1). 

¢ Awrite enable instruction must be issued to set ¢ The write enable latch is reset. 
the write enable latch. * SO is in high impedance state. 

¢ After a byte write, page write, or status register e A high to low transition on CS is required to enter 
write, the write enable latch is reset. the active state. 


¢ CS must be set high after the proper number of 
clock cycles to start an internal write cycle. 
Access to the array during an internal write cycle 
is ignored and programming is continued. 


TABLE 3-3: WRITE PROTECT FUNCTIONALITY MATRIX 


[wren [We | wet | ProwctdBiocs | unprowcted locks | _Staue Reger 
x xf 0] Proeced | Protected | Protec 
[1 | Preteses [tase [tabi 
| Pretosed | —wrtebie «| —~rtece 
i 


Protected Writable Writable 
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NOTES: 
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25AA640/25LC640/25C640 PRODUCT IDENTIFICATION SYSTEM 


To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office. 


25xx640 — /P 


P = Plastic DIP (300 mil Body), 8-lead 
SN = Plastic SOIC (150 mil Body), 8-lead 
ST = TSSOP, 8-lead 


Package: 


Blank = 0°C to +70°C 
I =-—40°C to +85°C 
E =-40°C to +125°C 


Temperature 
Range: 


Sales and Support 
Data Sheets 


25AA640 
25AA640T 
25AA640X 


25AA640XT 


25LC640 
25LC640T 
25LC640X 


Devices: 
25LC640XT 
25C640 


25C640T 
25C640X 


25C640XT 


64K bit 1.8V SPI Serial EEPROM 

64K bit 1.8V SPI Serial EEPROM Tape and Reel 
64K bit 1.8V SPI Serial EEPROM 

in alternate pinout (ST only) 

64K bit 1.8V SPI Serial EEPROM 

in alternate pinout Tape and Reel (ST only) 

64K bit 2.5V SPI Serial EEPROM 

64K bit 2.5V SPI Serial EEPROM Tape and Reel 
64K bit 2.5V SPI Serial EEPROM 

in alternate pinout (ST only) 

64K bit 2.5V SPI Serial EEPROM 

in alternate pinout Tape and Reel (ST only) 

64K bit 5.0V SPI Serial EEPROM 

64K bit 5.0V SPI Serial EEPROM Tape and Reel 
64K bit 5.0V SPI Serial EEPROM 

in alternate pinout (ST only) 

64K bit 5.0V SPI Serial EEPROM 

in alternate pinout Tape and Reel (ST only) 





Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

11. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 

SECTION 6 
ID SOLUTIONS AN 
PLUG AND PLA 

PRODUCTS 
24AA00 128 Bit I7C™ Bus Serial EEPROM .........c.ccccccccccscescssccesceccecessescsesscscescessecsccesecenees 3-1 
24241L.C00 128 Bit I°C™ Bus Serial EEPROM ............ccccccccccssccsseccescescesceceseescesescesessescseeeecees 3-1 
2424C00 128 Bit I27C™ Bus Serial EEPROM .......0...cccccccccccocescececescocsccesessssscsscscsceccscacecceeaees 3-1 
24LCS61 1K Software Addressable IC™ Serial EEPROM ............ccccccccccccoscscecescsesceseseeces 3-47 
24LC21 1K 2.5V Dual Mode I2C™ Serial EEPROM ...........cccccccccsccsssesescceccecscccsesescsceceesceees 6-1 
QA4LC21A 1K 2.5V Dual Mode I2C™ Serial EEPROM .........cccccccccccccocssesesesescccscscsescscecececeees 6-13 
24LCS21 1K 2.5V Dual Mode IC™ Serial EEPROM ...........cccccccccscecescscceseccesscscscesececeeeeeees 6-27 
24LCS21A 1K 2.5V Dual Mode I2C™ Serial EEPROM ...........cccccccccccoceceseccseccccscscscecscececeeeens 6-39 
24LC41 1K/4K 2.5V Dual Mode, Dual Port I@C™ Serial EEPROM .........:..cccscscccccceeeseeeee 6-53 
24LC41A 1K/4K 2.5V Dual Mode, Dual Port IC™ Serial EEPROM ...........cccccsccceceseceeeeeees 6-65 
24LCS41 1K/4K 2.5V Dual Mode, Dual Port IC™ Serial EEPROM .........c..cccscsccecescsseeeeeee 6-79 
24LCS41A 1K/4K 2.5V Dual Mode, Dual Port I@C™ Serial EEPROM ..........:ccsccccececcscceseeeess 6-91 
24LCS52 2K 2.5V I2C™ Serial EEPROM with Software Write Protect ...........:cccsceccceseeeeees 3-71 
24LCS62 2K Software Addressable I2C™ Serial EEPROM ..........ccccccscsccsscesesessscecssesesceeess 3-47 


Plug and Play is a registered trademark of Microsoft Corporation. 
17C is a trademark of Philips Corporation. 
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1K 2.5V Dual Mode °C ~ Serial EEPROM 








FEATURES PACKAGE TYPES 


Single supply with operation down to 2.5V 
Completely implements DDC1™/DDC2™ inter- 
face for monitor identification 
¢ Low power CMOS technology 

- 1mA active current typical 

- 10 pA standby current typical at 5.5V 
° 2-wire serial interface bus, I7C™ compatible 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes 
100 kHz (2.5V) and 400 kHz (5V) compatibility 
Factory programming (QTP) available 
¢ 1,000,000 erase/write cycles guaranteed 
Data retention > 200 years 
¢ 8-pin PDIP and SOIC package 
Available for extended temperature ranges 
- Commercial (C): 0°C to +70°C 
- Industrial (1): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LC21 is a 128 x 8 bit 
Electrically Erasable PROM. This device is designed 
for use in applications requiring storage and serial 
transmission of configuration and control information. 
Two modes of operation have been implemented: 
Transmit Only Mode and Bi-Directional Mode. Upon 
power-up, the device will be in the Transmit Only Mode, 
sending a serial bit stream of the entire memory array 
contents, clocked by the VCLK pin. A valid high to low 
transition on the SCL pin will cause the device to enter 
the Bi-Directional Mode, with byte selectable read/write 
capability of the memory array. The 24LC21 is avail- 
able in a standard 8-pin PDIP and SOIC package in 
both commercial and industrial temperature ranges. 
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DDC is a trademark of the Video Electronics Standards Association. 
I7C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE | 





1.1. Maximum Ratings* 

eC ticaekthenncat actin nia lanienmedenas 70V , | Ground 

All inputs and outputs wart. VSS ................-0.6V to Voc +1.0V | Serial Address/Data I/O 

Storage temperature ..........ccceeccssscceeeeeseeesees -65°C to +150°C Serial Clock (Bi-Directional Mode) 
Ambient temp. with power applied................. 65°C to +125°C . ++ 

Soldering temperature of leads (10 seconds)............. +300°C Serial ncek (anemit- Only. Mods) 
ESD protection on alll pins 0... cscs csssessessesssessseessee >4kV +2.5V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum ratings” No Connection 


may Cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 









Vcc = +2.5V to 5.5V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): | Tamb= -40°C to +85°C 


|_____-Parameter_—_|_Symbol_| Min | Max | Units | Conditions | 
SCL and SDA pins: 
High level input voltage VIH 7 Vcc — V 
Low level input voltage © VIL .3 VCC V 
Input levels on VCLK pin: 
VIH 8 
VIL .2 VCC 


High level input voltage 

Low level input voltage 
Vays | 05Vec | — | 
Vout | oe] a 


Hysteresis of Schmitt triggerinputs 
Vou2 ed 


Low level output voltage 


Low level output voltage 
li | -10_ | uA 
ea ae 
al Vcc = 5.0V (Note1), 


Input leakage current 
CIN, COUT 
Tamb = 25°C, FCLK = 1 MHz 


A 

Output leakage current yA 
icc Write eee Vcc = 5.5V, SCL = 400 kHz 

mA 

LA 













































Vcc 2 2.7V (Note 1) 
Vcc < 2.7V (Note 1) 


(Note 1) 

loL = 3 mA, Vcc = 2.5V (Note 1) 
OL = 6 mA, VCC = 2.5V 

VIN = .1V to Voc 

VouT = .1V to Vcc 





Operating current | 











Pin capacitance (all inputs/outputs) — 10 
3 
Icc Read 1 
Standby current Vcc = 3.0V, SDA = SCL = Vcc 
100 


Iccs 
Vcc = 5.5V, SDA = SCL= Vcc 


(Note 2) 
Note 1: This parameter is periodically sampled and not 100% tested. 
2: VLCK must be grounded. 
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TABLE 1-3: AC CHARACTERISTICS 






Vcc= 4.5 - 5.5V 


Standard Mode Fast Mode 











Parameter Symbo Units Remarks 
Clock frequency kez fC 
Clock high time ae 
Clock low time ea eee, 


(Note 1) 
After this period the first clock 
pulse is generated 


Only relevant for repeated 
START condition 


eee eee 
eee 


Time the bus must be free 
before a new transmission 
can start 


(Note 1), CB < 100 pF 


SDA and SCL rise time 
SDA and SCL fall time TF | — | 30 
START condition hold time | THD:STA 


START condition setup 4700 
time 


Data input hold time ITHD:DAT; OF | — | 
Data input setup time /Tsu:oat| 250 | — | 
STOP condition setup time 'Tsu:sto| 4000 | — | 
Output valid from clock | Ta | — | 3500 


Bus free time TBUF 4700 ope 
Output fall time from VIH ae Gate ae 
min to VIL max CB 
Input filter spike suppres- ek an Ra ee ee 
sion (SDA and SCL pins) 

| Twa | — | 


Write cycle time T AO ||| 
ss 
























ms ___| Byte or Page mode | 


oO — 
© io) 
Oo 


Transmit-Only Mode Parameters 


Output valid from VCLK | Tvaa | — _ | 2000 | 


VCLK high time TvHiGH | 4000 


naeel 
VCLK low time | Tow | 4700 | — | 1300 | 


Mode transition time 500 


Transmit-Only power up TVPU oe a eed 
a te 


cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 
: Not 100% tested. CB = total capacitance of one bus line in pF. 


As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a T! specification for standard operation. 

This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC21 operates in two modes, the Transmit-Only 
Mode and the Bi-Directional Mode. There is a separate 
two wire protocol to support each mode, each having a 
separate clock input and sharing a common data line 
(SDA). The device enters the Transmit-Only Mode 
upon power-up. In this mode, the device transmits data 
bits on the SDA pin in response to a clock signal on the 
VCLK pin. The device will remain in this mode until a 
valid high to low transition is placed on the SCL input. 
When a valid transition on SCL is recognized, the 
device will switch into the Bi-Directional Mode. The only 
way to switch the device back to the Transmit-Only 
Mode is to remove power from the device. 


2.1 Transmit-Only Mode 


The device will power up in the Transmit-Only Mode. 
This mode supports a unidirectional two wire protocol 
for transmission of the contents of the memory array. 
This device requires that it be initialized prior to valid 
data being sent in the Transmit-Only Mode (see Initial- 
ization Procedure, below). In this mode, data is trans- 
mitted on the SDA pin in 8 bit bytes, each followed by 


FIGURE 2-1: TRANSMIT ONLY MODE 


a ninth, null bit (see Figure 2-1). The clock source for 
the Transmit-Only Mode is provided on the VCLK pin, 
and a data bit is output on the rising edge on this pin. 
The eight bits in each byte are transmitted most signif- 
icant bit first. Each byte within the memory array will be 
output in sequence. When the last byte in the memory 
array is transmitted, the output will wrap around to the 
first location and continue. The Bi-Directional Mode 
Clock (SCL) pin must be held high for the device to 
remain in the Transmit-Only Mode. 


2.2 Initialization Procedure 


After Vcc has stabilized, the device will be in the Trans- 
mit-Only Mode. Nine clock cycles on the VCLK pin 
must be given to the device for it to perform internal 
synchronization. During this period, the SDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit of a byte. 
The device will power up at an indeterminate byte 
address. (Figure 2-2). 


SCL / 


TVAA TVAA 


———pl _— ———_- | — 


Bit 1 (LSB) 


muer XD) 


Bit 1 (MSB) Bit 7 


VCLK | | | || | | _ 





| 
| TVHIGH 1 TVLOW | 
L} 


FIGURE 2-2: DEVICE INITIALIZATION 
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3.0 BI-DIRECTIONAL MODE 3.1 Bi-Directional Mode Bus 
The 24LC21 can be switched into the Bi-Directional Characteristics 
Mode (see Figure 3-1) by applying a valid high to low The following bus protocol has been defined: 


transition on the Bi-Directional Mode Clock (SCL). 


When the device has been switched into the Bi-Direc- * Data transfer may be initiated only when the bus 


tional Mode, the VCLK input is disregarded, with the is not busy. 

exception that a logic high level is required to enable ¢ During data transfer, the data line must remain 
write capability. This mode supports a two wire bi-direc- stable whenever the clock line is HIGH. Changes 
tional data transmission protocol. In this protocol, a in the data line while the clock line is HIGH will be 
device that sends data on the bus is defined to be the interpreted as a START or STOP condition. 
transmitter, and a device that receives data from the Accordingly, the following bus conditions have been 
bus is defined to be the receiver. The bus must be con- defined (see Figure 3-2). 

trolled by a master device that generates the Bi-Direc- 

tional Mode Clock (SCL), controls access to the bus 3.1.1 BUS NOT BUSY (A) 


and generates the START and STOP conditions, while 
the 24LC21 acts as the slave. Both master and slave 
can operate as transmitter or receiver, but the master 3.1.2 START DATA TRANSFER (B) 
device determines which mode is activated. 


Both data and clock lines remain HIGH. 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. 
All commands must be preceded by a START condi- 
tion. 


3.1.3 STOP DATA TRANSFER (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 
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FIGURE 3-1: MODE TRANSITION 


Transmit Only Mode | Bi-Directional Mode 
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FIGURE 3-2: DATATRANSFER SEQUENCE ON THE SERIAL BUS 





START ADDRESS OR DATA STOP 
CONDITION ACKNOWLEDGE ALLOWED CONDITION 
VALID TO CHANGE 
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3.1.4. DATA VALID (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a 
first in first out fashion. 


FIGURE 3-3: BUS TIMING START/STOP 


FIGURE 3-4: BUS TIMING DATA 


TSU:STA—> 


LA KA AK AK AK KAA AR 
reer eee eer 
55505555555 


3.1.5 ACKNOWLEDGE 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 





TSU:DAT 
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3.1.66 SLAVE ADDRESS 


After generating a START condition, the bus master 
transmits the slave address consisting of a 7-bit device 
code (1010) for the 24LC21, followed by three don’t 
care bits. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24LC21 
(Figure 3-5). 


The 24LC21 monitors the bus for its corresponding 
slave address all the time. It generates an acknowl- 
edge bit if the slave address was true and it is not ina 
programming mode. 


Control Code | Chip Select | RAW 


Read 1010 XXX 1 
Write 1010 0 
























FIGURE 3-5: CONTROL BYTE 
ALLOCATION 
START READ/WRITE 
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FIGURE 4-1: BYTE WRITE 


BUS ACTIVITY CONTROL 
MASTER BYTE 


SDA LINE 


BUS ACTIVITY 


VCLK 
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4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start signal from the master, the slave 
address (4 bits), the don’t care bits (3 bits) and the R/W 
bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the 24LC21. After 
receiving another acknowledge signal from the 24LC21 
the master device will transmit the data word to be writ- 
ten into the addressed memory location. The 24LC21 
acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and dur- 
ing this time the 24LC21 will not generate acknowledge 
signals (Figure 4-1). 


It is required that VCLK be held at a logic high level in 
order to program the device. This applies to byte write 
and page write operation. Note that VCLK can go low 
while the device is in its self-timed program operation 
and not affect programming. 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC21 in the same way as 
in a byte write. But instead. of generating a stop condi- 
tion the master transmits up to eight data bytes to the 
24LC21 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains con- 
stant. If the master should transmit more than eight 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an inter- 
nal write cycle will begin (Figure 4-2). 


It is required that VCLK be held at a logic high level in 
order to program the device. This applies to byte write 
and page write operation. Note that VCLK can go low 
while the device is in its self-timed program operation 
and not affect programming. 


WORD 
ADDRESS DATA 


Pree S Oe La oe eS eee 
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FIGURE 4-2: PAGE WRITE 
S 
T 
BUS ACTIVITY 
MASTER 
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R CONTROL WORD 
T BYTE ADDRESS 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Start 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowledge 
ACK = 0)? 


YES 
Next 
Operation 


6.0 WRITE PROTECTION 


When using the 24LC21 in the Bi-Directional Mode, the 
VCLK pin operates as the write protect control pin. Set- 
ting VCLK high allows normal write operations, while 
setting VCLK low prevents writing to any location in the 
array. Connecting the VCLK pin to Vss would allow the 
24LC21 to operate as a serial ROM, although this con- 
figuration would prevent using the device in the Trans- 
mit-Only Mode. 
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7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic 
types of read operations: current address read, ran- 
dom read and sequential read. 


7.1 Current Address Read 


The 24LC21 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the 24LC21 issues an acknowl- 
edge and transmits the eight bit data word. The master 


will not acknowledge the transfer but does generate a © 


stop condition and the 24LC21 discontinues transmis- 
sion (Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC21 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 


FIGURE 7-1: 


CURRENT ADDRESS READ 






BUS ACTIVITY 
MASTER 


SDA LINE 


BUS ACTIVITY 


RANDOM READ 


S 


BUS ACTIVITY A 
MASTER R 


FIGURE 7-2: 


CONTROL 
BYTE 


CONTROL WORD 
BYTE ADDRESS 


set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LC21 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC21 discon- 
tinues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the 24LC21 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC21 to transmit the next sequentially 
addressed 8 bit word (see Figure 7-3). 


To provide sequential reads the 24LC21 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


7.4 Noise Protection 


The 24LC21 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the VCC 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


SDA LINE s 


BUS ACTIVITY 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PIN DESCRIPTIONS 
8.1 SDA 


This pin is used to transfer addresses and data into and 
out of the device, when the device is in the Bi-Direc- 
tional Mode. In the Transmit-Only Mode, which only 
allows data to be read from the device, data is also 
transferred on the SDA pin. This pin is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ for 100 kHz, 2KQ for 400 kHz). 


For normal data transfer in the Bi-Directional Mode, 
SDA is allowed to change only during SCL low. 
Changes during SCL high are reserved for indicating 
the START and STOP conditions. 


8.2 SCL 


This pin is the clock input for the Bi-Directional Mode, 
and is used to synchronize data transfer to and from 
the device. It is also used as the signaling input to 
switch the device from the Transmit Only Mode to the 
Bi-Directional Mode. It must remain high for the chip to 
continue operation in the Transmit Only Mode. 


8.3 VCLK 


This pin is the clock input for the Transmit Only Mode. 
In the Transmit Only Mode, each bit is clocked out on 
the rising edge of this signal. In the Bi-Directional 
Mode, a high logic level is required on this pin to enable 
write capability. 


a a! 
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24LC21 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LC21_ - 


P = Plastic DIP (300 mil Body), 8-lead 
Package: SN = Plastic SOIC (150 mil Body), 8-lead 


Temperature Blank = 0°C to +70°C 
I 


-40°C to +85°C 


24LC21 Dual Mode I°C Serial EEPROM 
24LC21T Dual Mode I?C Serial EEPROM (Tape and Reel) 


Range: 


Device: 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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FEATURES 


Singie supply with operation down to 2.5V 

Completely implements DDC1™/DDC2™ 

interface for monitor identification, including 
recovery to DDC1 

Pin and function compatible with 24LC21 
Low power CMOS technology 

- 1 mA typical active current 

- 10 pA standby current typical at 5.5V 

2-wire serial interface bus, 2C™ compatible 
100 kHz (2.5V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to eight bytes 
1,000,000 erase/write cycles guaranteed 
Data retention > 200 years 

ESD Protection > 4000V 

8-pin PDIP and SOIC package 

Available for extended temperature ranges 

- Commercial (C): 0°C to +70°C 

- Industrial (1): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LC21A is a 128 x 8- 
bit dual-mode Electrically Erasable PROM. This device 
is designed for use in applications requiring storage 
and serial transmission of configuration and control 
information. Two modes of operation have been imple- 
mented: Transmit-Only Mode and Bi-directional Mode. 
Upon power-up, the device will be in the Transmit-Only 
Mode, sending a serial bit stream of the memory array 
from 00h to 7Fh, clocked by the VCLK pin. A valid high 
to low transition on the SCL pin will cause the device to 
enter the transition mode, and look for a valid control 
byte on the I@C bus. If it detects a valid control byte from 
the master, it will switch into Bi-directional Mode, with 
byte selectable read/write capability of the memory 
array using SCL. If no control byte is received, the 
device will revert to the Transmit-Only Mode after it 
receives 128 consecutive VCLK pulses while the SCL 
pin is idle. The 24LC21A is available in a standard 8-pin 
PDIP and SOIC package in both commercial and 
industrial temperature ranges. 


DDC is a trademark of the Video Electronics Standards Association. 
(2C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 
‘CHARACTERISTICS 

1. 1 Maximum Ratings* - 7 ~ Vss. | Ground 

GES ssccesee te iecpca ete ae ete 7.0V- aes eetlel podiess. Dalal 

All inputs and outputs wrt. VSS.......-0.6V to Voc +1.0V Sehal Clock Ap rairectionel Mode) 

Storage temperature ........ccscsssseseee -65°C to +150°C | Serial Clock (Transmit-Only Mode) 

Ambient temp. with power applied bee “65°C to +125°C +2.5V to 5.5V Power Supply 

Soldering temperature of leads (10 seconds) .. +300°C No Connection 

ESD protection on alll pis ooo... eee cceceeeeee sees 24kV 


*Notice: Stresses above those listed under “Maximum ratings” may cause perma- 
nent damage to the device. This is a stress rating only and functional operation of 
the device at those or any other conditions above those indicated in the operational 
listings of this specification is not implied. Exposure to maximum rating conditions 
for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


VCC = +2.5V to 5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): Tamb =-40°C to +85°C 


Parameter 


SCL and SDA pins: 
High level input voltage 
Low level input voltage 


Input levels on VCLK pin: 
High level input voltage Vcc 2 2.7V (Note) 
Low level input voltage ; Vcc < 2.7V (Note) 


Hysteresis of Schmitt trigger inputs (Note) 


Low level output voltage VOL . 0.4 V loL = 3 mA, Vcc = 2.5V (Note) 
‘Low level output voltage 0.6 lo. = 6 mA, Vcc = 2.5V 
Input leakage current VIN = 0.1V to Vcc 
| Output leakage current | VOUT = 0.1V to Vcc 
Pin capacitance Pave eE eT: inputs/outputs) Cin, Cout Vcc = 5.0V (Note) 
Tamb = 25°C, FCLK = 1 MHz 

iseccaenmnecl current Icc Write mA {|Vcc=5.5V 

icc Read mA |Vcc=5.5V, SCL= 400 kHz 


Standby current Iccs 30 wA |Vcc=3.0V, SDA = SCL =Vcc 
| ~ 100 pA |Vcc =5.5V, SDA = SCL = Vcc 
VCLK = VSS 


Note: This parameter is periodically sampled and not 100% tested. 
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TABLE 1-3: AC CHARACTERISTICS 


Vec= 2.5-5.5V | Vec= 4.5 - 5.5V 
Parameter Standard Mode Fast Mode 








Output fall time from VIH TOF 
minimum to VIL maximum 


Input filter spike suppres- 


250 20 + 250 (Note 1), CB < 100 pF 
0.1 CB 
(Note 3) 
sion (SDA and SCL pins) 


Write cycle time we | — | 10 | — | 10 | ms |ByteorPagemode 
Transmit-Only Mode Parameters 

Output validfromveLK | Tvaa | — | 2000 [ — [1000 | ns | = 
VCLK high time |TvwicH | 4000 | — | 6oo | — | ms | 
|Twow | 4700 | — | 13900 | — | ns | 
VCLK setup time ec ee a ae oe ee ee eee 
VCLK hold time | Tspv. | 4000 | —~ | soo | — | ns | 
Mode transition time | 1000 | — | 500/ ns | ——Cidzd 


Transmit-Only power up TVvPU 
time 


Input filter spike suppres- TSPV 
sion (VCLK pin) 
Note 1: Not 100% tested. CB = Total capacitance of one bus line in pF. 


/-|™ 
2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined Tsp and VHYS specifications are due to Schmitt trigger inputs which provide noise and spike 
suppression. This eliminates the need for a Ti specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


TSP 


[Clock frequency ss | Fuk | ~— | 100 | — | 400 | kHz | 
[Clockhightime | ‘THigH | 4000 | — | 600 | — | ns | —s_———is 
[Clock lowtime ss | ‘Tkow | 4700 | — | 1300 | — | DD see eel 
[SDA andSCLrisetime | Tr | — | 1000 | — | 300 | ns |(Notet) —Ss—_—i 
SDA and SCL fall time TF — 300 — 300 ns (Note 1) 
= [=e] | fone 
pulse is generated | 
an i Ml al Wl al a "al 
time . START condition 
[Datainputholdtime | THo:paT|_ 0 =| — | 0 | — | ns [(Note2) 
|[Datainput setup time | Tsu:pat| 250 | — | 100 | — | ns | sd 
4000 | — | 600 | — | ns | —_iz 
[Output valid from clock | Taa | — | 3500 | — | 900 | ns |(Note2) —s__—i 
TBUF 4700 ar ad ee Time the bus must be free 
before a new transmission 
[Write cycle time 


il 





< 
O 
A 
Oo 
= 
o 


25°C, Vcc = 5.0V, Block 
Mode (Note 4) 


cycles 


fae 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LC21A is designed to comply to the DDC Stan- 
dard proposed by VESA (Figure 3-3) with the exception 
that it is not Access.bus capable. It operates in two 
modes, the Transmit-Only Mode and the Bi-directional 
Mode. There is a separate 2-wire protocol to support 
each mode, each having a separate clock input but 
sharing a common data line (SDA). The device enters 


the Transmit-Only Mode upon power-up. In this mode, . 


the device transmits data bits on the SDA pin in 
response to a clock signal on the VCLK pin. The device 
will remain in this mode until a valid high to low transi- 
tion is placed on the SCL input. When a valid transition 
on SCL is recognized, the device will switch into the Bi- 
directional Mode and look for its control byte to be sent 
by the master. If it detects its control byte, it will stay in 
the Bi-directional Mode. Otherwise, it will revert to the 
Transmit-Only Mode after it sees 128 VCLK pulses. 


2.1 Transmit-Only Mode 


The device will power up in the Transmit-Only Mode at 
address OOH. This mode supports a unidirectional 
2-wire protocol for continuous transmission of the 
contents of the memory array. This device requires that 
it be initialized prior to valid data being sent in the 


FIGURE 2-1: TRANSMIT-ONLY MODE 





Tvaa Tvaa 
a eee me ore 
SDA ae. 
| Bit 1 (LSB) 


' Tvhigh! Tvlow ! 


FIGURE 2-2: DEVICE INITIALIZATION 


Transmit-Only Mode (Section 2.2). In this mode, data 
is transmitted on the SDA pin in 8-bit bytes, with each 
byte followed by a ninth, null bit (Figure 2-1). The clock 
source for the Transmit-Only Mode is provided on the 
VCLK pin, and a data bit is output on the rising edge on 
this pin. The eight bits in each byte are transmitted 
most significant bit first. Each byte within the memory 
array will be output in sequence. After address 7Fh in 
the memory array is transmitted, the internal address 
pointers will wrap around to the first memory location 
(00h) and continue. The Bi-directional Mode Clock 
(SCL) pin must be held high for the device to remain in 
the Transmit-Only Mode. 


2.2 Initialization Procedure 


After Vcc has stabilized, the device will be in the 
Transmit-Only Mode. Nine clock cycles on the VCLK 
pin must be given to the device for it to perform internal 
sychronization. During this period, the SDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit in address 
OOh. (Figure 2-2). 


scL _/ | 


Bit1(MSB) ‘Bit 7 


Tvaa Tvaa 


' ' 
i | jee —> | — 


SpA _/' High Impedance for 9 clock cycles ! \. Bes) IX Bit 7 


\ ivpu 
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3.0 BI-DIRECTIONAL MODE 


Before the 24LC21A can be switched into the Bi-direc- 
tional Mode (Figure 3-1), it must enter the transition 
mode, which is done by applying a valid high to low 
transition on the Bi-directional Mode Clock (SCL). As 
soon it enters the transition mode, it looks for a control 
byte 1010 000X on the I?C™ bus, and starts to count 
pulses on VCLK. Any high to low transition on the SCL 
line will reset the count. If it sees a pulse count of 128 
on VCLK while the SCL line is idle, it will revert back to 
the Transmit-Only Mode, and transmit its contents 
starting with the most significant bit in address OOh. 
However, if it detects the control byte on the I7C™ bus, 
(Figure 3-2) it will switch to the in the Bi-directional 
Mode. Once the device has made the transition to the 
Bi-directional mode, the only way to switch the device 
back to the Transmit-Only Mode is to remove power 
from the device. The mode transition process is shown 
in detail in Figure 3-3. 


FIGURE 3-1: 


Transmit Bi-directional ( 
sel bo TVHZ 


SCL | | 5 


MODE 


Once the device has switched into the Bi-directional 
Mode, the VCLK input is disregarded, with the excep- 
tion that a logic high level is required to enable write 
capability. This mode supports a two-wire Bi-directional 
data transmission protocol (I@C™), In this protocol, a 
device that sends data on the bus is defined to be the 
transmitter, and a device that receives data from the 
bus is defined to be the receiver. The bus must be con- 
trolled by a master device that generates the Bi-direc- 
tional Mode Clock (SCL), controls access to the bus 
and generates the START and STOP conditions, while 
the 24LC21A acts as the siave. Both master and siave 
can operate as transmitter or receiver, but the master 
device determines which mode is activated. In the Bi- 
directional mode, the 24LC21A only responds to 
commands for device 1010 O000X. 


MODE TRANSITION WITH RECOVERY TO TRANSMIT-ONLY MODE 


Recovery to Transmit-Only Mode 


| NSE of data in 00h) 


soa YX XJ NB XOXOXO 


VCLK count = y= 2 3 4 


FIGURE 3-2: 


Transmit 
Only Mode , 


MODE == 


Transition Mode with possibility to return to Transmit-Only Mode 


127 128 | 





SUCCESSFUL MODE TRANSITION TO BI-DIRECTIONAL MODE 


Bi-directional 
permanently 
——_—Y, 


ie ei ee 


SDA a an © ial =e) st 


VCLK count = 1 2 n 0 


es a NT 


n< 128 
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FIGURE 3-3: DISPLAY OPERATION PER DDC STANDARD PROPOSED BY VESA 






Display Power-on. 
or 





Communication 
DDC Circuit Powered is idle 
from +5 volts 
Is Vsyne No 
present? 


Send EDID continuously 
using Vsync as clock 
High to low 


transition on 


Yes 


Stop sending EDID. 
Switch to DDC2 mode. 






Display has 
optional 
Laoag state 


No 


Yes 
Set Vsync counter = 0 


or start timer 










Change on 
SCL, SDA or 
VCLK lines? 


Yes 
No High - low 
Yes 


Valid 
DDC2 address = 
received? 


No 
= — 
Yes 
Increment VCLK counter 
(if appropriate) 
No Counter=128 or 
timer expired? 
Yes 
Switch back to DDC1 
mode. 


The 24LC21A was designed to . 
comply to the portion of flowchart inside dash box 





Reset counter or timer 


r 
















High to low 
transition on 
SCL? 


Yes 


DDC2 communication 
idle. Display waiting for 
address byte. 


DDC2B 
address 
received? 


Is display 
Access.bus™ 
capable? 





No 









Receive DDC2B 
command 
Respond to DDC2B 
command 


Sais) eee). Seto ies aS ee, a ee is”) lene Saad? aad” “isl 


Yes . 
Valid Access.bus No 
address? 


Yes 


See Access.bus 
specification to determine 


correct procedure. 





Note 1: The base flowchart is copyright © 1993, 1994, 1995 Video Electronic Standard Association (VESA) from 
VESA’s Display Data Channel (DDC) Standard Proposal ver. 2p rev. 0, used by permission of VESA. 


2: The dash box and text “The 24LC21A and... inside dash box.” are added by Microchip Technology, Inc. 
3: Vsync signal is normally used to derive a signal for VCLK pin on the 24LC21A. 
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3.1 Bi-directional Mode Bus 
Characteristics | 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 


¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-4). 

3.1.1. BUS NOT BUSY (A) 

Both data and clock lines remain HIGH. 


3.1.2 START DATA TRANSFER (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.1.3. STOP DATA TRANSFER (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.1.4 DATA VALID (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


FIGURE 3-4: 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 





3.1.5 ACKNOWLEDGE 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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FIGURE 3-5: BUSTIMING START/STOP 
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FIGURE 3-6: BUS TIMING DATA 
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3.1.6 SLAVE ADDRESS FIGURE 3-7: CONTROL BYTE 
ALLOCATION 


After generating a START condition, the bus master 
transmits the slave address consisting of a 7-bit device 
code (1010000) for the 24LC21A. 


The eighth bit of slave address determines whether the 
master device wants to read or write to the 24LC21A 
(Figure 3-7). 


The 24LC21A monitors the bus for its corresponding 
slave address continuously. It generates an 
acknowledge bit if the slave address was true and it is 
not in a programming mode. 


Slave Address | RAW 


Read 1010000 
Write 1010000 








START READWRITE 


™ 


ia SLAVE ADDRESS RA] A | 
\ 


/ 


/ \ 
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4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start signal from the master, the slave 
address (four bits), three zero bits (000) and the R/W 
bit which is a logic low are placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will 
follow after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte 
transmitted by the master is the word address and will 
be written into the address pointer of the 24LC21A. 
After receiving another acknowledge signal from the 
24LC21A the master device will transmit the data word 
to be written into the addressed memory location. The 
24LC21A acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24LC21A will not 
generate acknowledge signals (Figure 4-1). 


It is required that VCLK be held at a logic high level 
during command and data transfer in order to program 
the device. This applies to both byte write and page 
write operation. Note, however, that the VCLK is 
ignored during the self-timed program operation. 
Changing VCLK from high to low during the self-timed 
program operation will not halt programming of the 
device. 


FIGURE 4-1: BYTE WRITE 


CONTROL 
BYTE 


BUS ACTIVITY 
MASTER 


AD>AM 


SDA LINE 


BUS ACTIVITY 


VCLK 


FIGURE 4-2: 


VCLK WRITE ENABLE TIMING 












SCL ---- 
SDA THD:STA THD:STO 
IN 
VCLK 
TVHST 
TSPVL 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC21A in the same way 
as in a byte write. But instead of generating a stop 
condition the master transmits up to eight data bytes to 
the 24LC21A which are temporarily stored in the on- 
chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains 
constant. If the master should transmit more than eight 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an 
internal write cycle will begin (Figure 4-3). 


It is required that VCLK be held at a logic high level 
during command and data transfer in order to program 
the device. This applies to both byte write and page 
write operation. Note, however, that the VCLK is 
ignored during the self-timed program operation. 
Changing VCLK from high to low during the self-timed 
program operation will not halt programming of the 
device. 


WORD 
ADDRESS 
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FIGURE 4-3: PAGE WRITE 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write 
command has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling 
can be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
initiate Write Cycle 


Send Start 


Send Control Byte ~ 
with R/W = 0 


Did Device 
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(ACK = 0)’ 
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- Operation 
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6.0 WRITE PROTECTION 


When using the 24LC21A in the Bi-directional Mode, 
the VCLK pin can be used as a write protect control pin. 
Setting VCLK high allows normal write operations, 
while setting VCLK low prevents writing to any location 
in the array. Connecting the VCLK pin to Vss would 
allow the 24LC21A to operate as a serial ROM, 
although this configuration would prevent using the 
device in the Transmit-Only Mode. 
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7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read 
and sequential read. 


7.1 Current Address Read 


The 24LC21A contains an address counter that 
maintains the address of the last word accessed, 
internally incremented by one. Therefore, if the 
previous access (either a read or write operation) was 
to address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W bit set to one, the 24LC21A 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC21A 
discontinues transmission (Figure 7-1). 


FIGURE 7-1: CURRENT ADDRESS READ 
S 


; Ss 
BUS ACTIVITY A CONTROL T 
MASTER R BYTE DATA n . 


SDA LINE 
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sitfolsfoooolL 1 | ITIL ee 
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BUS ACTIVITY 


FIGURE 7-2: RANDOM READ 
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MASTER 


CONTROL 
BYTE 


SDA LINE 


BUS ACTIVITY 





WORD 
ADDRESS 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LC21A as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LC21A will then 
issue an acknowledge and transmits the 8-bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC21A 
discontinues transmission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC21A transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24LC21A to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24LC21A contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


7.4 Noise Protection 


The 24LC21A employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SDA, SCL and VCLK inputs have Schmitt trigger 
and filter circuits which suppress noise spikes to assure 
proper device operation even on a noisy bus. 
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FIGURE 7-3: SEQUENTIAL READ 
BUS ACTIVITY 
MASTER 


~ CONTROL DATA n DATA n+1 DATA n+2 DATA n+X 
, BYTE 


: — ——~_—-—_ 
SDALINE BLE P 


BUS ACTIVITY 





8.0 PIN DESCRIPTIONS 
8.1 SDA 


This pin is used to transfer addresses and data into and 
out of the device, when the device is in the Bi-direc- 
tional Mode. In the Transmit-Only Mode, which only 
allows data to be read from the device, data is also 
transferred on the SDA pin. This pin is an open drain 
terminal, therefore the SDA bus requires a pullup 
resistor to VCC (typical 10.KQ for 100 kHz, 2 KQ for 
400 kHz). | 


For normal data transfer in the Bi-directional Mode, 
SDA is allowed to change only during SCL low. 
Changes during SCL high are reserved for indicating 
the START and STOP conditions. 


8.2 SCL 


This pin is the clock input for the Bi-directional Mode, 
and is used to synchronize data transfer to and from 
the device. It is also used as the signaling input to 
switch the device from the Transmit-Only Mode to the 
Bi-directional Mode. It must remain high for the chip to 
continue operation in the Transmit-Only Mode. 


8.3 VCLK 


This pin is the clock input for the Transmit-Only Mode 
(DDC1). In the Transmit-Only Mode, each bit is clocked 
out on the rising edge of this signal. In the Bi-directional 
Mode, a high logic level is required on this pin to enable 
write capability. 
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24LC21A Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LC21A — 


Plastic DIP (300 mil Body), 8-lead 
Package: 
= Plastic SOIC (150 mil Body), 8-lead 


Temperature Blank= 0°C to +70°C 


Range: I= -40°C to +85°C 


24LC21A Dual Mode Serial EEPROM 
24LC21AT Dual Mode Serial EEPROM (Tape and Reel) 


Device: 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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FEATURES PACKAGE TYPES 


¢ Completely implements DDC1™/DDC2™ 

interface for monitor identification 

Hardware write-protect pin 

Single supply with operation down to 2.5V 

Low power CMOS technology 

- 1 mA active current typical 

- 10 pA standby current typical at 5.5V 

2-wire serial interface bus, |°>C™ compatible 

(SCL) 

Self-timed write cycle (including auto-erase) 

Page-write buffer for up to 8 bytes 

100 KHz (2.5V) and 400 kHz (5V) compatibility 

(SCL) 

1,000,000 erase/write cycles guaranteed 

Data retention > 200 years 

8-pin PDIP and SOIC package 

Available for extended temperature ranges 

- Commercial 0°C to +70°C 
(C): 

- Industrial (1) -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LCS21 is a 
128 x 8-bit dual-mode Electrically Erasable PROM. 
This device is designed for use in applications requiring 
storage and serial transmission of configuration and 
control information. Two modes of operation have been ~ MEMORY 
implemented: Transmit Only Mode and bi-directional one 
Mode. Upon power-up, the device will be in the 

Transmit Only Mode, sending a serial bit stream of the 
entire memory array contents, clocked by the VCLK 
pin. A valid high to low transition on the SCL pin will 
cause the device to enter the bi-directional Mode, with 
byte selectable read/write capability of the memory 
array in standard IC protocol. 


The 24LCS21 also enables the user to write-protect the 
entire memory contents using its write-protect pin. The 
24LCS21 is available in a standard 8-pin PDIP and 
SOIC package in both commercial and _ industrial 
temperature ranges. 


DDC is a trademark of the Video Electronics Standards Association. 
I7C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 


1.1 Maximum Ratings* | Name | Function 
NGC r Aarraa hated eluates diiseaenasdnschbasiecatees Gostehineigs 7.0V a Write Protect (active low) | 

All inputs and outputs w.r.t. VSS ................ 0. 6V to Vcc +1.0V Ground | 

Storage temperature ...........cceceees meesperesougs ..-65°C to +150°C Serial Address/Data I/O 

Ambient temp. with power applied................. -65°C to +125°C | ; a ee 

Soldering temperature of leads (10 seconds)............. +300°C. sonal Clock (Bi Gregione: Mode) 
ESD protection on alll Pits .......cssssssssesssscsssccccsscesssecsssssseeees >4kV Serial Clock (Transmit-Only Mode) 
*Notice: Stresses above those listed under “Maximum ratings” +2.5V to 5.5V Power Supply 

may cause permanent damage to the device. This is a stress rat- No Connection 





ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +2.5V to 5.5V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb= -40°C to +85°C 


SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Input levels on VCLK pin: | 
High level input voltage . : Vcc 2 2.7V (Note) 
Low level input voltage ; Vcc < 2.7V (Note) 
Hysteresis of Schmitt trigger inputs ae 


Low level output voltage ioe 6 rake Ween 2. 5V 
saree [Se De pce 
Output leakage current VOUT = 0. 1V to Vcc 
Pin capacitance (all inputs/outputs) ais eee ee PM Prence as ete ate 
Tamb = 25°C, FOLK = = 1 MHz 
‘cae Be sss 
| Icc Read 1 mA 
Standby current | to | ak Vcc = 3.0V, SDA = SCL = Vcc 
100 pA Vcc = 5.5V, SDA = SCL = Vcc 
VCLK = VSS 


Note: This parameter is periodically sampled and not 100% tested. 
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TABLE 1-3: AC CHARACTERISTICS 


| 
| Min | Max | Min | Max | 


























\Clock frequency | Fuk | 0) | 100 | Oo | 400 | KHz | 
Clock high time | THigH | 4000 | — | 600 | — | ms | oo 
Clock lowtime | Teow | 4700 | — | 1300 | — | ons | 
[SDA and SCLrisetime | Tr | — | 1000 | — | 300 | ns __| (Note?) 

|SDA and SCLialltime | _tr_ | — | 300 | — | 300 | ns |(Notet) 


START condition hold time | THp:sta | 4000 — ns After this period the first clock 
pulse is generated 


START condition setup time | Tsu:sta | 4700 Only relevant for repeated 
START condition 


|Datainputholdtime | THo:par| 0] — =| 0 | — | ns (|(Note2) 
[Datainputsetuptime | Tsu:oar | 250 | — | 100 | — | ns | 
STOP condition setup time | Tsusto | 4000 | — | 600. | — 

| 900 _| 


” ~ - - if 
Output fall time from VIH TOF 20 + 0.1 250 
minimum to Vit maximum CB 


Input filter spike suppression 
(SDA and SCL pins) 


(Note 2) 


Time the bus must be free 
before a new transmission can 
start 


(Note 1), CB < 100 pF 


Transmit-Only Mode Parameters 


|Output valid fromVCLK | Tvaa_ {| — | 2000 | — | 1000 | ns | 
VCLKhightime | Twig | 4000 | — | 600 | — | ns | 
lVCLKlowtime | Tuwow | 4700 | — | 4300 | — | ns | 
\VCLKsetuptime | Twwst | 8 =| — | o | — | ns | 
VeLKholdtime | “Tse | 4000 | — | 600 | — | ms | 


Transmit-Only power up Tvpu 
time 
Input filter spike suppression | TSPV 100 100 
(VCLK pin) 
1M 1M cycles | 25°C, Vcc = 5.0V, Block Mode 
(Note 4) 


Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. . 
2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHYSs specifications are due to Schmitt trigger inputs which provide noise and spike 
suppression. This eliminates the need for a Ti specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LCS21 operates in two modes, the 
Transmit-Only Mode and the bi-directional Mode. 
There is a separate two wire protocol to support each 
mode, each having a separate clock input but sharing 
a common data line (SDA). The device enters the 
Transmit-Only Mode upon power-up. In this mode, the 
device transmits data bits on the SDA pin in response 
to a clock signal on the VCLK pin. The device will 
remain in this mode until a valid high to low transition is 
placed on the SCL input. When a valid transition on 
SCL is recognized, the device will switch into the 
bi-directional Mode. The only way to switch the device 
back to the Transmit-Only Mode is to remove power 
from the device. | 


2.1 Transmit-Only Mode 


The device will power up in the Transmit-Only Mode at 
address OOH. This mode supports a unidirectional two 
wire protocol for continuous transmission of the 
contents of the memory array. This device requires that 
it be initialized prior to valid data being sent in the 
Transmit-Only Mode (see Initialization Procedure, 


FIGURE 2-1: TRANSMIT ONLY MODE 


below). In this mode, data is transmitted on the SDA 
pin in 8-bit bytes, with each byte followed by a ninth, 
null bit (Figure 2-1). The clock source for the 
Transmit-Only Mode is provided on the VCLK pin, and 
a data bit is output on the rising edge on this pin. The 
eight bits in each byte are transmitted most significant 
bit first. Each byte within the memory array will be 
output in sequence. When the last byte in the memory 
array is transmitted, the internal address pointers will 
wrap around to the first memory location (OOH) and 
continue. The bi-directional Mode Clock (SCL) pin must 
be held high for the device to remain in the 
Transmit-Only Mode. 


2.2 Initialization Procedure 


After Vcc has stabilized, the device will be in the 
Transmit-Only Mode. Nine clock cycles on the VCLK 
pin must be given to the device for it to perform internal 
sychronization. During this period, the SDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit in address 
OOh. (Figure 2-2). 


SCL / 


TVAA TVAA 


ec Ol eee a 
KY 


Bit1 (LSB) | 
| 
| 
J 


Ot 


Bit 1 (MSB) Bit 7 


VCLK | | | | | | : | _—_ 


I 
1 TVHIGH 1 TVLOW | 
' 








DS21127C-page 6-30 


© 1998 Microchip Technology Inc. 


24LCS21 





3.0 BI-DIRECTIONAL MODE 3.1 Bi-directional Mode Bus Characteristics 


The 24LCS21 can be switched into the bi-directional The following bus protocol has been defined: 
Mode (Figure 3-1) by applying a valid high to low 
transition on the bi-directional Mode Clock (SCL). 
When the device has been switched into the bi-direc- 
tional Mode, the VCLK input is disregarded, with the 


¢ Data transfer may be initiated only when the bus 
is not busy. 


During data transfer, the data line must remain 


exception that a logic high level is required to enable Stable whenever the clock line is HIGH. Changes 
write capability, This mode supports a two-wire in the data line while the clock line is HIGH will be 
bi-directional data transmission protocol (I@C™). In this interpreted as a START or STOP condition. 
protocol, a device that sends data on the bus is defined Accordingly, the following bus conditions have been 
to be the transmitter, and a device that receives data defined (Figure 3-2). 

from the bus is defined to be the receiver. The bus must 

be controlled by a master device that generates the 3.1.1. BUS NOT BUSY (A) 


bi-directional Mode Clock (SCL), controls access to the 


bus and generates the START and STOP conditions, Both data and clock lines remain HIGH. 


while the 24LCS21 acts as the slave. Both master and 3.1.2 START DATA TRANSFER (B) 
slave can operate as transmitter or receiver, but the 
master device determines which mode is activated. A HIGH to LOW transition of the SDA line while the 


clock (SCL) is HIGH determines a START condition. All 


In this mode, the 24LCS21 only responds to iy 
| y commands must be preceded by a START condition. 


commands for device 1010 000X. 
3.1.3. STOP DATA TRANSFER (C) 
A LOW to HIGH transition of the SDA line while the 


clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. _ 


v0 
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FIGURE 3-1: MODE TRANSITION 


Transmit Only Mode | Bi-directional Mode 
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FIGURE 3-2: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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3.1.4. DATA VALID (D) 


The state of the data line represents valid data when, 


after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 


FIGURE 3-3: BUS TIMING START/STOP 


FIGURE 3-4: BUS TIMING DATA 


SCL 


THD:DAT 


TSU:STA —> 


KKKKK KKK KK KX \ 
SSSR RRR RY 





3.1.5 ACKNOWLEDGE | 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into. 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 
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3.1.6 SLAVE ADDRESS 


After generating a START condition, the bus master 
transmits the slave address consisting of a 7-bit device 
code (1010000) for the 24LCS21. 


The eighth bit of slave address determines whether the 
master device wants to read or write to the 24LCS21 
(Figure 3-5). 


The 24LCS21 monitors the bus for its corresponding 
slave address continuously. It generates an 


acknowledge bit if the slave address was true and it is 
not in a programming mode. 


Operation Slave Address | RAT 


Read 
Write 


1010000 
1010000 


FIGURE 3-5: CONTROL BYTE ALLOCATION 







START READ/WRITE 
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FIGURE 4-1: BYTE WRITE 





CONTROL 
BUS ACTIVITY: 
MASTER BYTE 


SDA LINE 


BUS ACTIVITY: 





4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start signal from the master, the slave 
address (4 bits), three zero bits (000) and the R/W bit 
which is a logic low are placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will 
follow after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte 
transmitted by the master is the word address and will 
be written into the address pointer of the 24LCS21. 
After receiving another acknowledge signal from the 
24LCS21 the master device will transmit the data word 
to be written into the addressed memory location. The 
24LCS21 acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24LCS21 will not 
generate acknowledge signals (Figure 4-1). 


It is required that VCLK be held at a logic high level 
during command and data transfer in order to program 
the device. This applies to both byte write and page 
write operation. Note, however, that the VCLK is 
ignored during the self-timed program operation. 
Changing VCLK from high to low during the self-timed 
program operation will not halt programming of the 
device. 


WORD 
ADDRESS 


VCLK ome = 


FIGURE 4-2: VCLK WRITE ENABLE TIMING 
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4.2 Page Write . FIGURE 5-1: ACKNOWLEDGE POLLING | 
FLOW 


The write control byte, word address and the first data 
byte are transmitted to the 24LCS21 in the same way 
as in a byte write. But instead of generating a stop 


condition the master transmits up to eight data bytes to or 
the 24LCS21 which are temporarily stored in the Write Command 
on-chip page buffer and will be written into the memory 


after the master has transmitted a stop condition. After 
the receipt of each word, the three lower order address 


pointer bits are internally incremented by one. The Coe 
higher order five bits of the word address remains Initiate Write Cycle 


constant. If the master should transmit more than eight 
words prior to generating the stop condition, the 


address counter will roll over and the previously 
received data will be overwritten. As with the byte write Send Start 
operation, once the stop condition is received an 


internal write cycle will begin (Figure 5-2). 


It is required that VCLK be held at a logic high level 
during command and data transfer in order to program Send Control Byte 
the device. This applies to both byte write and page MA’ 

write operation. Note, however, that the VCLK is 
ignored during the self-timed program operation. 
Changing VCLK from high to low during the self-timed 


program operation will not halt programming of the Peden 
device. (ACK = 0)’ 
5.0 ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 

cycle, this can be used to determine when the cycle is Next 
complete (this feature can be used to maximize bus Operation 


throughput). Once the stop condition for a write 
command has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling 
can be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 





FIGURE 5-2: PAGE WRITE 
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6.0 WRITE PROTECTION 


When using the 24LCS21 in the bi-directional Mode, 
the VCLK pin operates as the write protect control pin. 
Setting VCLK high allows normal write operations, 
while setting VCLK low prevents writing to any location 
in the array. Connecting the VCLK pin to Vss would 
allow the 24LCS21 to operate as a serial ROM, 
although this configuration would prevent using the 
device in the Transmit-Only Mode. 


Additionally, Pin 3 performs a flexible write protect 
function. The 24LCS21 contains a write-protection 
control fuse whose factory default state is cleared. 
Writing any data to address 7Fh (normally the 
checksum in DDC applications) sets the fuse which 
enables the WP pin. Until this fuse is set, the 24LCS21 
is always write enabled (if VCLK = 1). After the fuse is 
set, the write capability of the 24LCS21 is determined 
by WP (Figure 6-1). 


FIGURE 6-1: WRITE PROTECT TRUTH 
TABLE 


cox lw ae | 
X 
| 1 | open _| Yes 
| tf | Yes__| Read Only - 
7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read 
and sequential read. 























FIGURE 7-2: RANDOM READ 









BUS ACTIVITY 


AQ > 
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BUS ACTIVITY T CONTROL WORD T ~~ CONTROL S 
MASTER . BYTE ADDRESS BYTE DATA n A 


7.1 Current Address Read 


The 24LCS21 contains an address counter that 
maintains the address of the last word accessed, 
internally incremented by one. Therefore, if the 
previous access (either a read or write operation) was 
to address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W bit set to one, the 24LCS21 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LCS21 
discontinues transmission (Figure 7-1). 


FIGURE 7-1: CURRENT ADDRESS READ 


DATA n j 


——_—_—"—— 


CONTROL 
BYTE 


—— 


BUS ACTIVITY 
MASTER 


SDA LINE 


Sfo}tfo.o0 041] iiiiiil P 


BUS ACTIVITY 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LCS21 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LCS21 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LCS21 
discontinues transmission (Figure 7-2). 


AO} 
AON} 
AONOYF O02 
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7.3 Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LCS21 transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24LCS21 to transmit the next sequentially 
addressed 8-bit word (Figure 8-1). 


To provide sequential reads the 24LCS21 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


7.4 Noise Protection 


The 24LCS21 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc 
is below 1.5 volts at nominal conditions. 


The SDA, SCL and VCLK inputs have Schmitt trigger 
and filter circuits which suppress noise spikes to assure 
proper device operation even on a noisy bus. 


FIGURE 8-1: SEQUENTIAL READ 





BUS ACTIVITY 


MASTER DATA n+1 


BUS ACTIVITY 


8.0 PIN DESCRIPTIONS 
8.1 SDA | 


This pin is used to transfer addresses and data into and 
out of the device, when the device is in the bi-direc- 
tional Mode. In the Transmit-Only Mode, which only 
allows data to be read from the device, data is also 
transferred on the SDA pin. This pin is an open drain 
terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10 KQ for 100 kHz, 2 KQ for 
400 kHz). | 


For normal data transfer in the bi-directional Mode, 
SDA is allowed to change only during SCL low. 
Changes during SCL high are reserved for indicating 
the START and STOP conditions. 


8.2 SCL 


This pin is the clock input for the bi-directional Mode, 
and is used to synchronize data transfer to and from 
the device. It is also used as the signaling input to 
switch the device from the Transmit Only Mode to the 
bi-directional Mode. It must remain high for the chip to 
continue operation in the Transmit Only Mode. 


8.3 VCLK 


This pin is the clock input for the Transmit Only Mode 
(DDC1). In the Transmit Only Mode, each bit is clocked 
out on the rising edge of this signal. In the bi-directional 
Mode, a high logic level is required on this pin to enable 
write capability. 


8.4 WP 


This pin is used for flexible write protection of the 
24LCS21. When the last memory location (7Fh) is 
written with any data, this pin is enabled and 
determines the write capability of the 24LCS21 
(Figure 6-1). 


The WP pin has an internal pull up resistor which will 
allow write capability (assuming VCLK = 1) at all times 
if this pin is floated. 


DATA n+2 DATA n+X 
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NOTES: 
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24LCS21 Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LCS21 —- /P 
: P Plastic DIP (300 mil Body), 8-lead 
oo Package: SN = Plastic SOIC (150 mil Body), 8-lead 


Temperature Blank 0°C to +70°C 
I 


-40°C to +85°C 


24LCS21  — Dual Mode IC Serial EEPROM 
24LCS21T Dual Mode I2C Serial EEPROM (Tape and Reel) 


Range: 


Device: 





Sales and Su rt 


Data Sheets 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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1K 2.5V Dual Mode ’C” Serial EEPROM 








FEATURES 


Single supply with operation down to 2.5V 
Completely implements DDC1™/DDC2™ 
interface for monitor identification, including 
recovery to DDC1 

¢ Low power CMOS technology 

- 1mA typical active current 

- 10 pA standby current typical at 5.5V 
2-wire serial interface bus, I@C™ compatible 
100 kHz (2.5V) and 400 kHz (5V) compatibility 
Self-timed write cycle (including auto-erase) 
Hardware write-protect pin 

Page-write buffer for up to eight bytes 
1,000,000 erase/write cycles guaranteed 
Data retention > 200 years 

ESD Protection > 4000V 

8-pin PDIP and SOIC package 

Available for extended temperature ranges 
- Commercial (C): O°C to +70°C 

- Industrial (I): -40°C to +70°C 


DESCRIPTION 


The Microchip Technology Inc. 24LCS21A is a 128 x 8- 
bit dual-mode Electrically Erasable PROM. This device 
is designed for use in applications requiring storage 
and serial transmission of configuration and control 
information. Two modes of operation have been imple- 
mented: Transmit-Only Mode and Bi-directional Mode. 
Upon power-up, the device will be in the Transmit-Only 
Mode, sending a serial bit stream of the memory array 
from 00h to 7Fh, clocked by the VCLK pin. A valid high 
to low transition on the SCL pin will cause the device to 
enter the transition mode, and look for a valid control 
byte on the I7C bus. If it detects a valid control byte from 
the master, it will switch into Bi-directional Mode, with 
byte selectable read/write capability of the memory 
array using SCL. If no control byte is received, the 


device will revert to the Transmit-Only Mode after it | 


receives 128 consecutive VCLK pulses while the SCL 
pin is idle. The 24LCS21A also enables the user to 
write-protect the entire memory array using its write- 
protect pin. The 24LCS21A is available in a standard 
8-pin PDIP and SOIC package in both commercial and 
industrial temperature ranges. 


DDC is a trademark of the Video Electronics Standards Association. 
1°C is a trademark of Philips Corporation. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUNCTION TABLE 





CHARACTERISTICS 
1.1 Maximum Ratings* Bs : | Write Protect (active low) 
MOG ir sselcscese secs epi cachet ues eases nascent 7.0V _ Ground 
All inputs and outputs w.r.t. VSS......-0.6V to Vcc +1.0V ~~ | Serial Address/Data 1/O 
Storage temperature ......... cscs -65°C to +150°C . & Thee oh 
Ambient temp. with power applied......-65°C to +125°C Serial Clock (Bi-directional Mode) 
Soldering temperature of leads (10 seconds) ..+300°C Serial Clock (Transmit-Only Mode) 
ESD protection on all pins ...............csesseseceeeseeees 2>4kV +2.5V to 5.5V Power Supply 
*Notice: Stresses above those listed under “Maximum ratings” ; 
may cause permanent damage to the device. This is a stress rat- No Connection 


ing only and functional operation of the device at those or any 
other conditions above those indicated in the operational listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 













Vcc = +2.5V to 5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): Tamb =-40°C to +85°C 


[Pane | mt | wn [en [ te [Cts 


SCL and SDA pins: 
High level input voltage 
Low level input voltage 















Input levels on VCLK pin: 
High level input voltage 
Low level input voltage 






Vcc > 2.7V (Note) 
Vcc < 2.7V (Note) 


| Hysteresis of Schmitt trigger inputs | | | (Note) 

Low level output voltage VOL1 0.4 V loL = 3 mA, VCC = 2.5V (Note) 
mapa RN Bad Bod od Bl ete rreiaald 
| Input leakage current VIN = 0.1V to Vcc 
cmmiomenee | ts | we | | oa (mnentnve 

Pin capacitance ‘seneinimsbincniainal inputs/outputs) alee Wel ok ae ee 

Tanbe 25°C, FoLK = 1 MHz 
peeves esas] [7 [St itl neome 
Icc Read 1 mA eos = 5.5V, SCL = 400 kHz 


Standby current iccs 30 wA |Vcc=3.0V, SDA = SCL = Vcc 
100 pA Vcc = 5.5V, SDA = SCL = Vcc 
VCLK = VSS 


Note: This parameter is periodically sampled and not 100% tested. 
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TABLE 1-3: AC CHARACTERISTICS 


Vec= 2.5-4.5V | Vcc= 4.5 - 5.5V 
Parameter Symbol | Standard Mode | _ Fast Mode Remarks 
as 





















| 100 | — | 400 | kHz | CC —Ci 
[Clockhightime | THic | 4000 | — | 600 | — | ns | 
4700 | — | 1900 | — | ns | 
[SDA and SCLrisetime | Tr | — | 1000 | — | 300 | ns |(Note1) Ss 
[SDA and SCL falltime | Te | — | 300 | — | 300 | ns |(Notet) 
a al i a =a 
pulse is generated 
ia ii il il al ll >=" 
time START condition 
[Datainputholdtime ——[THopat| 0 =| — | oO | — | ns |(Note2) 
[Datainputsetuptime | Tsu:pat| 250 | — | 100 | — | ms | 
[STOP condition setup time|Tsu:sto| 4000 | — | 600 | — | ns’ {| 
[Output valid from clock | Taa | — | 3500 | — | 900 | ns |(Note2 
before a new transmission 
ae can start 


wens [=~ [| 

sion (SDA and SCL pins) 

Write cycletime | Twa | — | 10 [| — | 10 | 
Transmit-Only Mode Parameters 

Output valid fromVCLK | Tvaa | — | 2000 | — | 1000_ 
VCLK high time | TvuicH | 4000 | — | 600 | 
VCLK low time | Tuow | 4700 | — | 1300_| 
VCLK setup time | Tvust | oo | — | 

VCLK hold time 
Mode transition time 


eee Od 

600% 

| — | | — | 

Transmit-Only power up Pe eee | 





Input filter spike suppres- TSPV 
sion (VCLK pin) 


Note 1: Not 100% tested. Cs = Total capacitance of one bus line in pF. 
2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
3: The combined TsP and VHyYSs specifications are due to Schmitt trigger inputs which provide noise and spike 
suppression. This eliminates the need for a Ti specification for standard operation. 
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our website. 


cycles | 25°C, Vcc = 5.0V, Block 
Mode (Note 4) 


@o 








ar Pa ae CN ee Ee a a, aR RP SR EON 
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2.0 FUNCTIONAL DESCRIPTION 


The 24LCS21A is designed to comply to the DDC Stan- 
dard proposed by VESA (Figure 3-3) with the exception 
that it is not Access.bus capable. It operates in two 


modes, the Transmit-Only Mode and the Bi-directional © 


Mode. There is a separate 2-wire protocol to support 
each mode, each having a separate clock input but 
sharing a common data line (SDA). The device enters 
the Transmit-Only Mode upon power-up. In this mode, 
the device transmits data bits on the SDA pin in 
response to a clock signal on the VCLK pin. The device 
will remain in this mode until a valid high to low transi- 
tion is placed on the SCL input. When a valid transition 
on SCL is recognized, the device will switch into the Bi- 
directional Mode and look for its control byte to be sent 
by the master. If it detects its control byte, it will stay in 
the Bi-directional Mode. Otherwise, it will revert to the 
Transmit-Only Mode after it sees 128 VCLK pulses. 


2.1 Transmit-Only Mode 


The device will power up in the Transmit-Only Mode at 
address OOH. This mode supports a unidirectional 
2-wire protocol for continuous transmission of the 
contents of the memory array. This device requires that 
it be initialized prior to valid data being sent in the 


FIGURE 2-1: TRANSMIT-ONLY MODE 


Transmit-Only Mode (Section 2.2). In this mode, data 
is transmitted on the SDA pin in 8-bit bytes, with each 
byte followed by a ninth, null bit (Figure 2-1). The clock 
source for the Transmit-Only Mode is provided on the 
VCLK pin, and a data bit is output on the rising edge on 
this pin. The eight bits in each byte are transmitted 
most significant bit first. Each byte within the memory 
array will be output in sequence. After address 7Fh in 
the memory array is transmitted, the internal address 
pointers will wrap around to the first memory location 
(00h) and continue. The Bi-directional Mode Clock 
(SCL) pin must be held high for the device to remain in 
the Transmit-Only Mode. 


2.2 Initialization Procedure 


After Vcc has stabilized, the device will be in the 
Transmit-Only Mode. Nine clock cycles on the VCLK 
pin must be given to the device for it to perform internal 
sychronization. During this period, the SDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit in address 
OOh. (Figure 2-2). 


SCL _/ | 


Tvaa Tvaa 


— P| | <q—— _— > | | <q———— 


SDA ES Null Bit 


! Bit 1 (LSB) 
| | 


Tvhigh: Tvlow 


FIGURE 2-2: DEVICE INITIALIZATION 


Bit1(MSB) ‘Bit7 





Tvaa Tvaa 


—P | ia rin es —— 


spa _|' High Impedance for 9 clock cycles | Bit 7 
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3.0 BI-DIRECTIONAL MODE 


Before the 24LCS21A can be switched into the Bi- 
directional Mode (Figure 3-1), it must enter the transi- 
tion mode, which is done by applying a valid high to low 
transition on the Bi-directional Mode Clock (SCL). As 
soon it enters the transition mode, it looks for a control 
byte 1010 000X on the IC™ bus, and starts to count 
pulses on VCLK. Any high to low transition on the SCL 
line will reset the count. If it sees a pulse count of 128 
on VCLK while the SCL line is idle, it will revert back to 
the Transmit-Only Mode, and transmit its contents 
starting with the most significant bit in address OOh. 
However, if it detects the control byte on the I2C™ bus, 
(Figure 3-2) it will switch to the in the Bi-directional 
Mode. Once the device has made the transition to the 
Bi-directional mode, the only way to switch the device 
back to the Transmit-Only Mode is to remove power 
from the device. The mode transition process is shown 
in detail in Figure 3-3. 


FIGURE 3-1: 


MODE pansmt 


Once the device has switched into the Bi-directional 
Mode, the VCLK input is disregarded, with the excep- 
tion that a logic high level is required to enable write 
capability. This mode supports a two-wire Bi-directional 
data transmission protocol (I@C™). In this protocol, a 
device that sends data on the bus is defined to be the 
transmitter, and a device that receives data from the 


bus is defined to be the receiver. The bus must be con- — 


trolled by a master device that generates the Bi-direc- 
tional Mode Clock (SCL), controls access to the bus 
and generates the START and STOP conditions, while 
the 24LCS21A acts as the siave. Both master and 
slave can operate as transmitter or receiver, but the 
master device determines which mode is activated. In 
the Bi-directional mode, the 24LCS21A only responds 
to commands for device 1010 000X. 


MODE TRANSITION WITH RECOVERY TO TRANSMIT-ONLY MODE 


Bi-directional _, , , «Recovery to Transmit-Only Mode 


-_ --—-———'>s#”OOWOXOmwWPr>O9WOm>—+ 
SCL | | ; | 


SDA X X y 


vCLKcount= ' 1 2 3 4 
VCLK 






FIGURE 3-2: 


Transmit 
Only Mode , 
MODE «——————~ 


VCLK count = 
VCLK | 
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SUCCESSFUL MODE TRANSITION TO BI-DIRECTIONAL MODE 


Bi-directional 


Transition Mode with possibility to return to Transmit-Only Mode ; permanently 
————————————— 


uO 
ome ¢ p) 
ome em 
Oo Cc 
FeD Ya ce 
(oe) 
_ 
Ua 
<9 
Qn 














24LCS21A 










FIGURE 3-3: DISPLAY OPERATION PER DDC STANDARD PROPOSED BY VESA 


Display Power-on 
or 


~~ Communication 
is idle 

Is Vsyne No 
present? 


DDC Circuit Powered 
from +5 volts 





Send EDID continuously 
using Vsync as clock 


High to low 
transition on 
SCL? 


Yes 
Stop sending EDID. 
Switch to DDC2 mode. 


No 





Yes 


Set Vsync counter = 0 
or start timer 










No SCL, SDA or 


VCLK tines? 


Yes 
No High - low 
Yes 


DDC2 address 
received? 


No 
= as 
Yes 
Increment VCLK counter 

(if appropriate) 
No Counter=128 or 

timer expired 

Yes 
Switch back to DDC1 
mode. 








Reset counter or timer 
Change on 


The 24LCS21A was designed to 
comply to the portion of flowchart inside dash box 






High to low 
. transition on 
SCL? 


Yes 


DDC2 communication 
idle. Display waiting for 
address byte. 


DDC2B 
address 
received? 










Receive DDC2B 
command 
Respond to DDC2B 
command 





Is display 
Access.bus 
capable? 


Valid Access.bus No 
address? 


Yes 


nS 


en ae eee 


See Access.bus 
specification to determine 


correct procedure. 





Note 1: The base flowchart is copyright © 1993, 1994, 1995 Video Electronic Standard Association (VESA) from 
VESA’s Display Data Channel (DDC) Standard Proposal ver. 2p rev. 0, used by permission of VESA. 


2: The dash box and text “The 24LCS21A and... inside dash box.” are added by Microchip Technology, Inc. 
3: Vsync signal is normally used to derive a signal for VCLK pin on the 24LCS21A. 
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3.1 Bi-directional Mode Bus 
Characteristics 


The following bus protocol has been defined: 
¢ Data transfer may be initiated only when the bus 
is not busy. 
¢ During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (Figure 3-4). 


3.1.1 BUS NOT BUSY (A) 
Both data and clock lines remain HIGH. 
3.1.2 START DATA TRANSFER (B) 


A HIGH to LOW transition of the SDA line while the 
clock (SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


3.1.3 STOP DATA TRANSFER (C) 


A LOW to HIGH transition of the SDA line while the 
clock (SCL) is HIGH determines a STOP condition. All 
operations must be ended with a STOP condition. 


3.1.4 DATAVALID (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 


FIGURE 3-4: 


STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. When 
an overwrite does occur it will replace data in a first in 
first out fashion. 





3.1.5 ACKNOWLEDGE 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in such a 
way that the SDA line is stable LOW during the HIGH 
period of the acknowledge related clock pulse. Of 
course, setup and hold times must be taken into 
account. A master must signal an end of data to the 
slave by not generating an acknowledge bit on the last 
byte that has been clocked out of the slave. In this 
case, the slave must leave the data line HIGH to enable 
the master to generate the STOP condition. 


DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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FIGURE 3-5: BUS TIMING START/STOP 





FIGURE 3-6: BUS TIMING DATA 


SCL 


TSU:STA —> THD:DAT 


SDA 
IN 
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3.1.6 SLAVE ADDRESS 


After generating a START condition, the bus master 
transmits the slave address consisting of a 7-bit device 
code (1010000) for the 24LCS21A. 


The eighth bit of slave address determines whether the 
master device wants to read or write to the 24LCS21A 
(Figure 3-7). 


The 24LCS21A monitors the bus for its corresponding 
slave address continuously. It generates an 
acknowledge bit if the slave address was true and it is 
not in a programming mode. 









Read 1010000 
Write 1010000 





FIGURE 3-7; CONTROL BYTE 
ALLOCATION 


START | READ/WRITE 
ae a 
/ 


SLAVE ADDRESS RAW A 
\ 
\ 


/ 
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4.0 WRITE OPERATION 
4.1 Byte Write 


Following the start signal from the master, the slave 
address (four bits), three zero bits (000) and the R/W 
bit which is a logic low are placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will 
follow after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte 
transmitted by the master is the word address and will 
be written into the address pointer of the 24LCS21A. 
After receiving another acknowledge signal from the 
24LCS21A the master device will transmit the data 
word to be written into the addressed memory location. 
The 24LCS21A acknowledges again and the master 
generates a stop condition. This initiates the internal 
write cycle, and during this time the 24LCS21A will not 
generate acknowledge signals (Figure 4-1). 


It is required that VCLK be held at a logic high level 
during command and data transfer in order to program 
the device. This applies to both byte write and page 
write operation. Note, however, that the VCLK is 
ignored during the self-timed program operation. 
Changing VCLK from high to low during the self-timed 
program operation will not halt programming of the 
device. 


FIGURE 4-1: BYTE WRITE 


BUS ACTIVITY 


CONTROL 
MASTER BYTE 


ADPoaM 


SDA LINE 


BUS ACTIVITY 


FIGURE 4-2: 


VCLK WRITE ENABLE TIMING 








SCL 
SDA 
IN 






THD:STA TSU:STO | 
VCLK 
TVHST TSPVL 


4.2 Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LCS21A in the same way 
as in a byte write. But instead of generating a stop 
condition the master transmits up to eight data bytes to 
the 24LCS21A which are temporarily stored in the on- 
chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains 
constant. If the master should transmit more than eight 
words prior to generating the stop condition, the 
address counter will roll over and the previously 
received data will be overwritten. As with the byte write 
operation, once the stop condition is received an 
internal write cycle will begin (Figure 5-2). 


It is required that VCLK be held at a logic high level 
during command and data transfer in order to program 
the device. This applies to both byte write and page 
write operation. Note, however, that the VCLK is 
ignored during the self-timed program operation. 
Changing VCLK from high to low during the self-timed 
program operation will not halt programming of the 
device. 


WORD 
ADDRESS 
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5.0 ACKNOWLEDGE POLLING 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature.can be used to maximize bus 
throughput). Once the stop condition for a write 
command has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling 
can be initiated immediately. This involves the master 


‘sending a start condition followed by the control byte 


for a write command (R/W = 0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 


cycle is complete, then the device will return the ACK 


and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 


FIGURE 5-2: PAGE WRITE 


BUS ACTIVITY CONTROL WORD 
eae BYTE ADDRESS 
SDA LINE 


BUS ACTIVITY 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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Condition to 
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6.0 WRITE PROTECTION 


When using the 24LCS21A in the Bi-directional Mode, 
the VCLK pin can be used as a write protect control pin. 
Setting VCLK high allows normal write operations, 
while setting VCLK low prevents writing to any location 
in the array. Connecting the VCLK pin to Vss would 
allow the 24LCS21A to operate as a serial ROM, 
although this configuration would prevent using the 
device in the Transmit-Only Mode. 


Additionally, Pin three performs a flexible write protect 
function. The 24LCS21A contains a write-protection 
control fuse whose factory default state is cleared. 
Writing any data to address 7Fh (normally the 
checksum in DDC applications) sets the fuse which 
enables the WP pin. Until this fuse is set, the 
24LCS21A is always write enabled (if VCLK = 1). After 
the fuse is set, the write capability of the 24LCS21A is 
determined by both VCLK and WP pins (Table 6-1). 


TABLE 6-1: WRITE PROTECT TRUTH 
TABLE 


Address 
7Fh Written 
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7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read 
and sequential read. 


7.1 Current Address Read 


The 24LCS21A contains an address counter that 
maintains the address of the last word accessed, 
internally incremented by one. Therefore, if the 
previous access (either a read or write operation) was 
to address n, the next current address read operation 
would access data from address n + 1. Upon receipt of 
the slave address with R/W bit set to one, the 
24LCS21A issues an acknowledge and transmits the 
eight bit data word. The master will not acknowledge 
the transfer but does generate a stop condition and the 
24LCS21A discontinues transmission (Figure 7-1). 


FIGURE 7-1: CURRENT ADDRESS READ 
S 


T 
BUS ACTIVITY A CONTROL 
R 


MASTER BYTE DATA n 


SDA LINE 


a ee at eee le 
s}ifo}s}o,ooo]4|] | FL] LIL 
A 


BUS ACTIVITY 





7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
24LCS21A as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LCS21A will then 
issue an acknowledge and transmits the 8-bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LCS21A 
discontinues transmission (Figure 7-2). 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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7.3 Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LCS21A transmits 
the first data byte, the master issues an acknowledge 
as opposed to a stop condition in a random read. This 
directs the 24LCS21A to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads the 24LCS21A contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


7.4 Noise Protection 


The 24LCS21A employs a Vcc threshold detector cir- 
cuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SDA, SCL and VCLK inputs have Schmitt trigger 
and filter circuits which suppress noise spikes to assure 
proper device operation even on a noisy bus. 
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8.0 PIN DESCRIPTIONS 
8.1 SDA 


This pin is used to transfer addresses and data into and 
out of the device, when the device is in the Bi-direc- 
tional Mode. In the Transmit-Only Mode, which only 
allows data to be read from the device, data is also 
transferred on the SDA pin. This pin is an open drain 
terminal, therefore the SDA bus requires a pullup 
resistor to Vcc (typical 10 KQ for 100 kHz, 1 KQ for 
400 kHz). 


For normal data transfer in the Bi-directional Mode, 
SDA is allowed to change only during SCL low. 
Changes during SCL high are reserved for indicating 
the START and STOP conditions. 


8.2 SCL 


This pin is the clock input for the Bi-directional Mode, 
and is used to synchronize data transfer to and from 
the device. It is also used as the signaling input to 
switch the device from the Transmit-Only Mode to the 
Bi-directional Mode. It must remain high for the chip to 
continue operation in the Transmit-Only Mode. 
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8.3 VCLK 


This pin is the clock input for the Transmit-Only Mode 
(DDC1). In the Transmit-Only Mode, each bit is clocked 
out on the rising edge of this signal. In the Bi-directional 
Mode, a high logic level is required on this pin to enable 
write capability. 


8.4 P 


This pin is used for flexible write protection of the 
24LCS21A. When the last memory location (7Fh) is 
written with any data, this pin is enabled and 
determines the write capability of the 24LCS21A 
(Table 6-1). 

The WP pin has an internal pull up resistor which will 


allow write capability (assuming VCLK = 1) at all times 
if this pin is floated. 
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24LCS21A Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LCS21A_ - IP 


P = Plastic DIP (300 mil Body), 8-lead 
Package: ; 
SN = Plastic SOIC (150 mil Body), 8-lead 





Temperature Blank= 0°C to +70°C 


Range: I= -40°C to +85°C 


24LCS21A Dual Mode I°C Serial EEPROM 


Device: 
24LCS21AT Dual Mode I°C Serial EEPROM (Tape and Reel) 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 


24LC41 








1K/4K 2.5V Dual Mode, Dual Port 2C'’ Serial EEPROM 





FEATURES 


Single supply with operation down to 2.5V 
Completely implements DDC1™/DDC2™ interface 
for monitor identification 

¢ Separate high speed 2-wire bus for 
microcontroller access to 4K-bit Serial EEPROM 
Low power CMOS technology 

2 mA active current typical 

20 pA standby current typical at 5.5V 

Dual 2-wire serial interface bus 

Hardware write-protect for both ports 

Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes (DDC port) or 
16 bytes (4K Port) 

100 kHz (2.5V) and 400 kHz (5V) compatibility 
1,000,000 erase/write cycles guaranteed 

Data retention > 40 years 

8-pin PDIP package 

Available for extended temperature ranges 

- Commercial (C): o°C to +70°C 

- Industrial (1): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LC41 is a dual-port 
128 x 8 and 512 x 8-bit Electrically Erasable PROM 
(EEPROM). This device is designed for use in applica- 
tions requiring storage and serial transmission of con- 
figuration and control information. Three modes of 
operation have been implemented: 


¢ Transmit-Only Mode for the DDC Monitor Port 
¢ Bi-directional Mode for the DDC Monitor Port 


¢ Bi-directional, industry-standard 2-wire bus for the 
4K Microcontroller Access Port 


Upon power-up, the DDC Monitor Port will be in the 
Transmit-Only Mode, repeatedly sending a serial bit 
stream of the entire memory array contents, clocked by 
the VCLK/DWP pin. A valid high to low transition on the 
DSCL pin will cause the device to enter the bi-direc- 
tional Mode, with byte-selectable read/write capability 
of the memory array. The 4K-bit microcontroller port is 
completely independent of the DDC port, therefore, it 
can be accessed continuously by a microcontroller 
without interrupting DDC transmission activity. The 
24LC41 is available in a standard 8-pin PDIP package 
in both commercial and industrial temperature ranges. 


DDC is a trademark of the Video Electronics Standards Association. 
I2C is a trademark of Philips Corporation. 


© 1998 Microchip Technology Inc. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
1.1. Maximum Ratings* 

Vrs rected bhencees sees tsdacess cleaantens eli id ban hua vodeataviakugetunvensaaapiacts 7.0V..., DSCL Serial Clock for DDC Bi-directional 
All inputs and outputs w.r.t. VSS ............068 -0.6V to Vcc +1.0V Mode (DDC2) 

Storage temperature .............00 gicoueanane 65°C to+150°C DSDA _ | Serial Address and Data I/O . 
Ambient temp. with power applied................. -65°C to +125°C (DDC Bus) 

Soldering temperature of leads (10 seconds)............. +300°C VCLK/DWP__| Serial Clock for DDC transmit-only 
ESD protection On alll Pins... seseseeesceeseeeneseeneees 24kV mode (DDC1)/Write Protect 
*Notice: Stresses above those listed under “Maximum ratings” MSCL Serial clock for 4K-bit MCU port 
may Cause permanent damage to the device. This is a stress rat- ; 

ing only and functional operation of the device at those or any MSDA Serial Address and Data I/O for 
other conditions above those indicated in the operational listings 4K-bit MCU port 

of this specification is not implied. Exposure to maximum rating MWP Hardware write-protect for 4K-bit 
conditions for extended periods may affect device reliability. MCU port 


Vss Ground | 
Vec +2.5V to +5.5V power supply 





TABLE 1-2: DC CHARACTERISTICS 


Vcc = +2.5V to 5.5V 

Commercial (C): Tamb = 0°C to +70°C 

Industrial (I): Tamb = -40°C to +85°C 
Parameter 


DSCL, DSDA, MSCL & MSDA pins: 
High level input voltage 
Low level input voltage 
Input levels on VCLK/DWP pin: 
High level input voltage Vcc 2 2.7V (Note) 
Low level input voltage | Vcc < 2.7V (Note) 


L=3 mA, VCC = 2.5V (Note) 
| 
Vcc = 5.0V (Note), | 
Tamb = 25°C, FCLK = 1 MHz | 
Operating current Vcc = 5.5V, DSCL or MSCL = 400 
kHz | 
Standby current Vcc = 3.0V, DSDA or MSDA = — 
DSCL or MSCL = Vcc 
Vcc = 5.5V, DSDA or MSDA = 


DSCL or MSCL = Vcc 
VCLK = Vss 





Note: This parameter is periodically sampled and not 100% tested. 
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TABLE 1-3: | AC CHARACTERISTICS (DDC MONITOR AND MICROCONTROLLER ACCESS 
PORTS) 





DDC Monitor Port (Bi-directional Mode) and Microcontroller Access Port 


Vcc = 4.5 - 5.5V 
Standard Mode Fast Mode 


100 400. 


Clock frequency (DSCL and | FCLK Hz 
MSCL) 


Ciock high time (DSCL and | THiGH 4000 
MSCL) 


cer oms [ror [e 
MSCL) 
Soa - 
MSDA rise time | 
festa 
MSDA fall time 
time 

| 0 


THD:0AT 

TSU:DAT 
Tsu:sto | 4000 

a oe 


7 ~ 
Output fall time from ViIH TOF 
min to VIL max 


Input filter spike suppres- | TSP | 
sion (DSCL, DSDA, MSCL 

& MSDA pins) 

Twr | — | 
DDC Monitor Port Transmit-Only Mode Parameters 


Output valid from VCLK/ TVAA 2000 
DWP 


bee! 
ine 


VCLK/DWP low time TVLOW 
Mode transition time TVHZ 
Transmit-Only power up TVPU 
time 

Endurance 

Note 1: Not 100% tested. CB = total capacitance of one bus line in pF. 

2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of DSCL or MSCL to avoid unintended generation of START or STOP 
conditions. 

3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


Parameter Symbol 
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4700 1300 


1000 300 (Note 1) 


300 300 (Note 1) 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


(Note 2) 
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(Note 2) 
Time the bus must be free 
before a new transmission 
can start 
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2.0 FUNCTIONAL DESCRIPTION: 
2.1 DDC Monitor Port 


The DDC Monitor Port operates in two modes, the 
Transmit-Only Mode and the bi-directional Mode. 
There is a separate 2-wire protocol to support each 
mode, each having a separate clock input and sharing 
a common data line (DSDA). The device enters the 
Transmit-Only Mode upon power-up. In this mode, the 
device transmits data bits on the DSDA pin in response 
to a clock signal on the VCLK/DWP pin. The device will 
remain in this mode until a valid high to low transition is 
placed on the DSCL input. When a valid transition on 
DSCL is recognized, the device will switch into the bi- 
directional Mode. The only way to switch the device 
back to the Transmit-Only Mode is to remove power 
from the device. 


2.1.1 TRANSMIT-ONLY MODE 


The device will power up in the Transmit-Only Mode. 
This mode supports a unidirectional 2-wire protocol for 
transmission of the contents of the memory array. This 
device requires that it be initialized prior to valid data 
being sent in the Transmit-Only Mode (Section 2.1.2). 


FIGURE 2-1: © TRANSMIT-ONLY MODE 


Bit 1 (LSB): 
| 






- In this mode, data is transmitted on the DSDA pin in 8- 


bit bytes, each followed by a ninth, null bit (Figure 2-1). 
The clock source for the Transmit-Only Mode is pro- 
vided on the VCLK/DWP pin, and a data bit is output on 
the rising edge on this pin. The eight bits in each byte 
are transmitted by most significant bit first. Each byte 
within the memory array will be output in sequence. 
When the last byte in the memory array is transmitted, 


. the output will wrap around to the first location and con- 


tinue. The bi-directional Mode Clock (DSCL) pin must 
be held high for the device to remain in the Transmit- 
Only Mode. 


2.1.2 INITIALIZATION PROCEDURE 


After Vcc has stabilized, the device will be in the Trans- 
mit-Only Mode. Nine clock cycles on the VCLK/DWP 
pin must be given to the device for it to perform internal 
sychronization. During this period, the DSDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit of a byte. 
The device will power up at an indeterminate byte 
address (Figure 2-2). 


nuit = \ 


Bit 1 (MSB) Bit 7 


vu | Lf LJ LJ Le 





| TVHIGH ; TVLOW | 


FIGURE 2-2: DEVICE INITIALIZATION 
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2.1.3 BI-DIRECTIONAL MODE 


The DDC Monitor Port can be switched into the bi- 
directional Mode (Figure 2-3) by applying a valid high 
to low transition on the bi-directional Mode Clock 
(DSCL). When the device has been switched into the 
bi-directional Mode, the VCLK/DWP input is disre- 
garded, with the exception that a logic high level is 
required to enable write capability. This mode supports 
a 2-wire bi-directional data transmission protocol. In 
this protocol, a device that sends data on the bus is 
defined to be the transmitter, and a device that receives 
data from the bus is defined to be the receiver. The bus 
must be controlled by a master device that generates 
the bi-directional Mode Clock (DSCL), controls access 
to the bus and generates the START and STOP condi- 
tions, while the DDC Monitor Port acts as the slave. 
Both master and slave can operate as transmitter or 
receiver, but the master device determines which mode 
is activated. 





FIGURE 2-3: MODE TRANSITION 


Transmit Only Mode 


2.2 Microcontroller Access Port 


The Microcontroller Access Port supports a bi-direc- 
tional 2-wire bus and data transmission protocol. A 
device that sends data onto the bus is defined as trans- 
mitter, and a device receiving data as receiver. The bus 
has to be controlled by a master device which gener- 
ates the serial clock (MSCL), controls the bus access, 
and generates the START and STOP conditions, while 
the Microcontroller Access Port works as slave. Both 
master and slave can operate as transmitter or 
receiver, but the master device determines which mode 
is activated. 
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3.0 BI-DIRECTIONAL BUS 
CHARACTERISTICS 


Characteristics for the bi-directional bus are identical 
for both the DDC Monitor Port (in bi-directional Mode) 
and the Microcontroller Access Port The following bus 
protocol has been defined: 


e Data transfer may be initiated only when the bus 
is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the DSDA or MSDA line 
while the clock (DSCL or MSCL) is HIGH determines a 
START condition. All commands must be preceded by 
a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the DSDA or MSDA line 
while the clock (DSCL or MSCL) is HIGH determines a 
STOP condition. All operations must be ended with a 
STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. When 
an overwrite does occur, it will replace data in a first in 
first out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit 





The device that acknowledges has to pull down the 
DSDA or MSDA line during the acknowledge clock 
pulse in such a way that the DSDA or MSDA line is sta- 
ble LOW during the HIGH period of the acknowledge 
related clock pulse. Of course, setup and hold times 
must be taken into account. A master must signal an 
end of data to the slave by not generating an acknowl- 
edge bit on the last byte that has been clocked out of 
the slave. In this case, the slave must leave the data 
line HIGH to enable the master to generate the STOP 
condition. 


3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The first part of 
the control byte consists of a 4-bit control code. This 
control code is set as 1010 for both read and write oper- 
ations and is the same for both the DDC Monitor Port 
and Microcontroller Access Port. The next three bits of 
the control byte are block select bits (B1, B2, and BO). 
All three of these bits are don’t care bits for the DDC 
Monitor Port. The B2 and B1 bits are don’t care bits for 
the Microcontroller Access Port, and the BO bit is used 
by the Microcontroller Access Port to select which of 
the two 256 word blocks of memory are to be accessed 
(Figure 3-4). The BO bit is effectively the most signifi- 
cant bit of the word address. The last bit of the control 
byte defines the operation to be performed. When set 
to one, a read operation is selected; when set to zero, 
a write operation is selected. Following the start condi- 
tion, the device monitors the DSDA or MSDA bus 
checking the device type identifier being transmitted, 
upon a 1010 code the slave device outputs an acknowl- 
edge signal on the SDA line. Depending on the state of 
the R/W bit, the device will select a read or a write oper- 
ation. The DDC Monitor Port and Microcontroller 
Access Port can be accessed simultaneously because 
they are completely independent of one another. 


Control Code | Chip Select | RAV_ 
1 
0 


Read 1010 XXBO 
Write 1010 XXBO 
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FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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FIGURE 3-2: BUS TIMING START/STOP 
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FIGURE 3-3: BUSTIMING DATA 





DSCL 


or 
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READ/WRITE 


7] Stave anpress 


X = Don't care. BO is don’t care for DDC Monitor Port, but is 
used by the Microcontroller Access Port to select which of 
the two 256 word blocks of memory are to be accessed. 
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4.0 WRITE OPERATION 


Write operations are identical for the DDC Monitor Port 
(when in bi-directional Mode) and the Microcontroller 
Access Port, with the exception of the VCLK/DWP and 
MWP pins noted in the next sections. Data can be writ- 
ten using either a byte write or page write command. 
Write commands for the DDC Monitor Port and the 
Microcontroller Access Port are completely indepen- 
dent of one another. 


4.1 Byte Write 


Following the start signal from the master, the slave 
address (4-bits), the chip select bits (3-bits) and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the port. After receiving 
another acknowledge signal from the port, the master 
device will transmit the data word to be written into the 
addressed memory location. The port acknowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time, 
the port will not generate acknowledge signals 
(Figure 4-1). 

For the DDC Monitor Port it is required that VCLK/DWP 
be held at a logic high level in order to program the 
device. This applies to byte write and page write oper- 
ation. Note that VCLK/DWP can go low while the 
device is in its self-timed program operation and not 
affect programming. 


FIGURE 4-1: BYTE WRITE 


BUS ACTIVITY T 
MASTER A 
R 
a 


CONTROL 
BYTE 


For the Microcontroller Access. Port, the MWP pin must 
be held to Vss during the entire write operation. 


4.2 Page Write 


The write control byte, word address, and the first data 
byte are transmitted to the port in the same way as ina 
byte write. But, instead of generating a stop condition, 
the master transmits up to eight data bytes to the DDC 
Monitor Port or 16 bytes to the Microcontroller Access 
Port, which are temporarily stored in the on-chip page 
buffer and will be written into the memory after the mas- 
ter has transmitted a stop condition. After the receipt of 
each word, the three lower order address pointer bits 
are internally incremented. by one. The higher order 5- 
bits of the word address remains constant: If the master 
should transmit more than eight words to the DDC 
Monitor Port or 16 words to the Microcontroller Access 
Port prior to generating the stop condition, the address 
counter will roll over and the previously received data 
will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin (Figure 4-2). 


For the DDC Monitor Port, it is required thatVCLK/ 


DWP be heid at a logic high level in order to program 


the device. This applies to byte write and page write 
operation. Note that VCLK/DWP can go low while the 
device is in its self-timed program operation and not 
affect programming. 


For the Microcontroller Access Port, the MWP pin must 
be held to Vss during the entire write operation. 
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FIGURE 4-2: PAGE WRITE 
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5.0 ACKNOWLEDGE POLLING 


Acknowledge polling can be done for both the DDC 
Monitor Port (when in bi-directional Mode) and the 
Microcontroller Access Port. 


Since the port will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize but 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This invoives the master 
sending a start condition followed by the control byte 
for a write command (R/W=0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 


Send 
Write Command 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Control Byte 
with R/W = 0 


Did Device 
Acknowled 





6.0 WRITE PROTECTION 
6.1 DDC Monitor Port 


When using the DDC Monitor Port in the bi-directional 
Mode, the VCLK/DWP pin operates as the write protect 
control pin. Setting VCLK/DWP high allows normal 
write operations, while setting VCLK/DWP low pre- 
vents writing to any location in the array. Connecting 
the VCLK/DWP pin to Vss would allow the DDC Moni- 
tor Port to operate as a serial ROM, although this con- 
figuration would prevent using the device in the 
Transmit-Only Mode. 





6.2 Microcontroller Access Port 


The Microcontroller Access Port can be used as a 
serial ROM when the MWP pin is connected to VCc. 
Programming will be inhibited and the entire memory 
associated with the Microcontroller Access Port will be 
write-protected. 


7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read 
and sequential read. These operations are identical for 
both the DDC Monitor Port (in bi-directional Mode) and 
the Microcontroller Access Port and are completely 
independent of one another. 


7.1 Current Address Read 


The port contains an address counter that maintains 
the address of the last word accessed, internally incre- 
mented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the port issues an acknowledge 
and transmits the 8-bit data word. The master will not 
acknowledge the transfer but does generate a stop 
condition and the port discontinues transmission 
(Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
port as part of a write operation. After the word address 
is sent, the master generates a start condition following 
the acknowledge. This terminates the write operation, 
but not before the internal address pointer is set. The 
master then issues the control byte again, but with 
the R/W bit set to a one. The port then issues an 
acknowledge and transmits the 8-bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the port discontinues trans- 
mission (Figure 7-2). 
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7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the port transmits the first 
data byte, and the master issues an acknowledge as 
opposed to a’stop condition in a random read. This 
directs the port to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads, the port contains an inter- 
nal address pointer, which is incremented by one at the 
completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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7.4 ° Noise Protection 


Both the DDC Monitor Port and Microcontroller Access 
Port employ a Vcc threshold detector circuit which dis- 
ables the internal erase/write logic, if the Vcc is below 
1.5 volts at nominal conditions. 


The DSCL, MSCL, DSDA, and MSDA inputs have 
Schmitt trigger and filter circuits which suppress noise 
spikes to assure proper device operation even on a 
noisy bus. 
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8.0 PIN DESCRIPTIONS 
8.1 DSDA 


This pin is used to transfer addresses and data into and 
out of the DDC Monitor Port, when the device is in the 
bi-directional Mode. In the Transmit-Only Mode, which 
only allows data to be read from the device, data is also 
transferred on the DSDA pin. This pin is an open drain 
terminal, therefore the DSDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2 KQ for 
400 kHz). 


For normal data transfer in the bi-directional Mode, 
DSDA is allowed to change only during DSCL or MSDA 
low. Changes during DSCL high are reserved for indi- 
cating the START and STOP conditions. 


8.2 DSCL 


This pin is the clock input for the DDC Monitor Port 
while in the bi-directional Mode, and is used to synchro- 
nize data transfer to and from the device. It is also used 
as the signaling input to switch the device from the 
Transmit-Only Mode to the bi-directional Mode. It must 
remain high for the chip to continue operation in the 
Transmit-Only Mode. 


8.3 VCLK/DWP 


This pin is the clock input for the DDC Monitor Port 
while in the Transmit-Only Mode. In the Transmit-Only 
Mode, each bit is clocked out on the rising edge of this 
signal. In the bi-directional Mode, a high logic level is 
required on this pin to enable write capability. 
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8.4 MSCL 





This pin is the clock input for the Microcontroller Access 
Port, and is used to synchronize data transfer to and 
from the device. 


8.5 MSDA 


This pin is used to transfer addresses and data into and 
out of the Microcontroller Access Port. This pin is an. 
open drain terminal, therefore the MSDA bus requires 
a pullup resistor to VCC (typical 10KQ for 100 kHz, 2KQ 
for 400 kHz). 


MSDA is allowed to change only ae: MSCL low. 
Changes during MSCL high are reserved for indicating 
the START and STOP conditions. ie 


8.6. MWP 


This pin is used to write protect the 4K memory array 
for the Microcontroller Access Port. 


This pin must be connected to either Vss or VCc. 


If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 
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4LC41 Pr t Identification System | 
To order or to obtain information (e. g., on pricing or delivery), please use the listed part numbers, and refer to the meciony or the listed 
sales offices. 


24LC41 - IP | | | 
TWH _jPackage: P = Plastic DIP (300 mil), 8-lead 


Temperature Blank 0°C to +70°C 
Range: I = -40°C to +85°C 


| Device: 24LC41 Dual Mode, Dual Port 2c Serial EEPROM 


Data Sheets | . 

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 


24LC41A 





1K/4K 2.5V Dual Mode, Dual Port I?C’” Serial EEPROM 





FEATURES 


Single supply with operation down to 2.5V 
Completely implements DDC1™/DDC2" interface 
for monitor identification, including recovery to 
DDC1 

Improved noise immunity 

Separate high speed 2-wire bus for 
microcontroller access to 4K-bit Serial EEPROM 
Low power CMOS technology 

2 mA active current typical 

20 A standby current typical at 5.5V 

Dual 2-wire serial interface bus, IC™ compatible 
Hardware write-protect for Microcontroller 
Access Port 

Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes (DDC port) or 
16 bytes (4K Port) 

100 kHz (2.5V) and 400 kHz (5V) compatibility 
1,000,000 erase/write cycles guaranteed 

Data retention > 40 years 

8-pin PDIP package 

Available for extended temperature ranges 

- Commercial (C): 0°Cc to +70°C 

- Industrial (1): -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 24LC41A is a dual-port 
128 x 8 and 512 x 8-bit Electrically Erasable PROM 
(EEPROM). This device is designed for use in applica- 
tions requiring storage and serial transmission of con- 
figuration and control information. Three modes of 
operation have been implemented: 


¢ Transmit-Only Mode for the DDC Monitor Port 
¢ Bi-directional Mode for the DDC Monitor Port 


¢ Bi-directional, industry-standard 2-wire bus for the 
4K Microcontroller Access Port 


8 


eeoeee ® 


Upon power-up, the DDC Monitor Port will be in the 
Transmit-Only Mode, repeatedly sending a serial bit 
stream of the entire memory array contents, clocked by 
the VCLK pin. A valid high to low transition on the 
DSCL pin will cause the device to enter the transition 
mode, an look for a valid control byte on the I@C bus. If 
it detects a valid control byte from the master, it will 
switch to Bi-directional Mode, with byte selectable 
read/write capability of the memory array using DSCL. 
If no control byte is received, the device will revert to 
the Transmit-Only Mode after it received 128 consecu- 
tive VCLK 


DDC is a trademark of Video Electronics Standards Association. 
I7C is a trademark of Philips Corporation. 
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pulses while the DSCL pin is idle. The 4K-bit microcon- 
troller port is completely independent of the DDC port, 
therefore, it can be accessed continuously by a micro- 
controller without interrupting DDC transmission activ- 
ity. The 24LC41A is available in a standard 8-pin PDIP 
package in both commercial and industrial temperature 
ranges. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 


1.1 Maximum Ratings* | Name | Function = 
| DSCL Serial Clock for DDC Bi-directional 
Mode (DDC2) 











MCG Boren scpsas va eestucoataeoseaartoceassisucesesesanaeleweoseattataanne: 7.0V 
All inputs and outputs w.r.t. VSs......-0.6V to VCc +1.0V 

: é DSDA Serial Address and Data I/O 
Storage temperature ............cccceeeeees -65°C to +150°C ; eee (DDC Bus) 


Ambient temp. with power applied......-65°C to +125°C 
Soldering temperature of leads (10 seconds) .. +300°C 
ESD protection On all Pins ........... ce eeeeeeseesceeeees >4kV 


*Notice: Stresses above those listed under “Maximum ratings” may cause perma- 
nent damage to the device. This is a stress rating only and functional operation of 
the device at those or any other conditions above those indicated in the operational 
listings of this specification is not implied. Exposure to maximum rating conditions 
for extended periods may affect device reliability. 


VCLK Serial Clock for DDC transmit-only 
mode (DDC1) 


Serial Address and Data I/O for 
4K-bit MCU port 

a aa 
troller Access Port 

| Vss_— [Ground sd 

| vec (| +2.5V to +5.5V power supply 





TABLE 1-2: DC CHARACTERISTICS 












Vcc = +2.5V to 5.5V 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


Symbol ee 
DSCL, DSDA, MSCL & MSDA pins: 
High level input voltage VIH .7 Vcc 
VIL 3 Voc 
High level input voltage VIH 8 V Vcc = 2.7V (Note) 
Low level input voltage VIL .2 VCC V Vcc < 2.7V (Note) 


Low level input voltage 
Hysteresis of Schmit ggerinpts | vers |.05voc] — | Vv _ [Now 
Lowiewloupwvotage | vou | — | 4 | V |lusamAvoor25v Wot) 
ftowinetoupavetsge [vor [= [6 |v [ezemavern2ey 
a ee Me EC 
[Output leakage current = leakage current -1 | 10 | 


Pin capacitance (all inputs/outputs) Me COUT Vcc = 5.0V (Note), 
Tamb = 25°C, FCLK = 1 MHz 
Operating current Icc Write mA |Vcc = 5.5V, DSCL or MSCL = 400 
Icc Read mA | kHz | 


Standby current Iccs 60 pA | Vcc = 3.0V, DSDA or MSDA = DSCL 
200 wA jorMSCL =Vcc 
Vcc = 5.5V, DSDA or MSDA = DSCL 
or MSCL = Vcc 
VCLK = VSS 


Note: This parameter is periodically sampled and not 100% tested. 













Input levels on VCLK pin: 
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TABLE 1-3: | AC CHARACTERISTICS (DDC MONITOR AND MICROCONTROLLER ACCESS 
PORTS) 


DDC Monitor Port (Bi-directional Mode) and Microcontroller Access Port 


| Vcc = 4.5 - 5.5V 
Standard Mode 
paras Symbol Sunder Mee eres 


Clock frequency (DSCL and | FCLK 100 400 kHz 
MSCL) | 


Clock high time (DSCL and ! THIGH | 4000 — 600 | “ons 
MSCL) | 


Clock low time (DSCL and TLO 4700 1300 
MSCL) | 
DSCL, DSDA, MSCL & TR 1000 300 
MSDA rise time 
T 

















(Note 1) 


(Note 1) 


After this period the first clock 
pulse is generated 


Only relevant for repeated 
| START condition 


(Note 2) 


ns 
n 


Ss 


n 
n 


Ss 
S 
S 
S 


n 
(Note 2) 
n 


Time the bus must be free 


before a new transmission 
can start 


n 
ns (Note 1), CB < 100 pF 


z 


START condition setup TSU:STA | 4700 

tim 

Output valid from clock | — | 3500 — | 
Input filter spike suppres- 


DSCL, DSDA, MSCL &: F 300 300 
MSDA fall time. 
Data input hold time THD:DAT| O | Or | 
Data input setup time TSU:DAT 
ae 7 J 
Output fall time from ViH TO 20 + .1 250 
CB 

0 

sion (DSCL, DSDA, MSCL 


START condition hold time | THp:sta| 4000 
STOP condition setup time | Tsu:sto | 4000 
F 250 
min to Vit max 
- a : 









(Note 3) 





& MSDA pins) 
Wtite cycle time | — | 10 | ms_ | Byte or Page mode 
Endurance 


= 
By 


a 


DDC Monitor Port Transmit-Only Mode Parameters 


1M cycles | 25°C, Vcc = 5.0V, Block Mode 
(Note 4) 





Output validtromVCLK | Tvaa [ — | 2000 | — | 1000 [| ns [| 
VCLKhightime ‘| Twaicn | 4000 | — | 600 | — | ms | _~+t 
a7oo_| — | 1900 | — | rs | Ss 
[VOLK setuptime | Twer | 0 | — | 0 | — | ms | 
aon | — | 600 | — | s | 
[Mode tansitiontime | Twrz | — | 500 | — | 800 | ms | 
[Transmit-Only poweruptime | Twreu {0 {| — | 0 | — | ms | —_~+J 
(VCLK pin) 


Note 1: Not 100% tested. Cs = total capacitance of one bus line in pF. 

2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of DSCL or MSCL to avoid unintended generation of START or STOP 
conditions. 

3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 
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2.0 FUNCTIONAL DESCRIPTION 
2.1 DDC Monitor Port 


The DDC Monitor Port operates in two modes, the 
Transmit-Only Mode and the Bi-directional Mode. 
There is a separate 2-wire protocol to support each 
mode, each having a separate clock input and sharing 
a common data line (DSDA). The device enters the 
Transmit-Only Mode upon power-up. In this mode, the 
device transmits data bits on the DSDA pin in response 
to a clock signal on the VCLK pin. The device will 
remain in this mode until a valid high to low transition is 
placed on the DSCL input. When a valid transition on 
DSCL is recognized, the device will switch into the Bi- 
directional Mode and look for its control byte to be sent 
by the master. If it detects its control byte, it will stay in 
the Bi-directional Mode. Otherwise, it will revert to the 
Transmit-Only Mode after it sees 128 VCLK pulses. 


2.1.1. TRANSMIT-ONLY MODE 


The device will power up in the Transmit-Only Mode at 
address OOH. This mode supports a unidirectional 2- 
wire protocol for transmission of the contents of the 
memory array. This device requires that it be initialized 


FIGURE 2-1: TRANSMIT-ONLY MODE 


prior to valid data being sent in the Transmit-Only Mode 
(see Section 2.1.2). In this mode, data is transmitted 
on the DSDA pin in 8-bit bytes, each followed by a 
ninth, null bit (see Figure 2-1). The clock source for the 
Transmit-Only Mode is provided on the VCLK pin, and 


-a data bit is output on the rising edge on this pin. The 


eight bits in each byte are transmitted by most signifi- 
cant bit first. Each byte within the memory array will be 
output in sequence. When the last byte in the memory 
array is transmitted, the output will wrap around to the 
first location and continue. The Bi-directional Mode 
Clock (DSCL) pin must be held high for the device to 
remain in the Transmit-Only Mode. 


2.1.2 INITIALIZATION PROCEDURE 


After Vcc has stabilized, the device will be in the Trans- 
mit-Only Mode. Nine clock cycles on the VCLK pin 
must be given to the device for it to perform internal 
sychronization. During this period, the DSDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit of a byte. 
The device will power up at an indeterminate byte 
address (Figure 2-2). 


SCL / 


TVAA TVAA 


——> | —— ——-> | \+—_ 


Bit 1 (LSB): 
| 


| TVHIGH ; TVLOW | 


Nuipit = \ 


Bit 1 (MSB) 
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2.1.3 BI-DIRECTIONAL MODE 


Before the 24LC41A can be switched into the Bi-direc- 
tional Mode (Figure 2-4), it must enter the transition 
mode, which is done by applying a valid high to low 
transition on the Bi-directional Mode Clock (DSCL). As 
soon it enters the transition mode, it looks for a control 
byte 1010 000X on the I?C™ bus, and starts to count 
pulses on VCLK. Any high to low transition on the 
DSCL line will reset the count. If it sees a pulse count 
of 128 on VCLK while the DSCL line is idle, it will revert 
back to the Transmit-Only Mode, and transmit its con- 
tents starting with the most significant bit in address 
00h. However, if it detects the control byte on the IC 
bus, (Figure 2-3) it will switch to the in the Bi-directional 
Mode. Once the device has made the transition to the 
Bi-directional mode, the only way to switch the device 
back to the Transmit-Only Mode is to remove power 
from the device. The mode transition process is shown 
in detail in Figure 2-4. 


Once the device has switched into the Bi-directional 
Mode, the VCLK input is disregarded, with the excep- 
tion that a logic high level is required to enable write 
capability. This mode supports a two-wire Bi-directional 
data transmission protocol (I?C). In this protocol, a 


device that sends data on the bus is defined to be the © 


transmitter, and a device that receives data from the 
bus is defined to be the receiver. The bus must be con- 
trolled by a master device that generates the Bi-direc- 
tional Mode Clock (DSCL), controls access to the bus 
and generates the START and STOP conditions, while 
the monitor port acts as the slave. Both master and 
slave can operate as transmitter or receiver, but the 
master device determines which mode is activated. In 
the Bi-directional mode, the monitor port only responds 
to commands for device 1010 O00X. 


2.2 Microcontroller Access Port 


The Microcontroller Access Port supports a bi-direc- 
tional 2-wire bus and data transmission protocol. A 
device that sends data onto the bus is defined as trans- 
mitter, and a device receiving data as receiver. The bus 
has to be controlled by a master device which gener- 
ates the serial clock (MSCL), controls the bus access, 
and generates the START and STOP conditions, while 
the Microcontroller Access Port works as slave. Both 
master and slave can operate as transmitter or 
receiver, but the master device determines which mode 
is activated. 


FIGURE 2-3: SUCCESSFUL MODE TRANSITION TO BI-DIRECTIONAL MODE 


Transmit 
Only Mode , 
—_——_——_ 


ce ee ee 


MODE 


SDA 


VCLK count = 
VCLK | 


Bi-directional 


Transition Mode with possibility to return to Transmit-Only Mode permanently 


enn ool 


0 0 0 0 O ACK 





FIGURE 2-4: MODE TRANSITION WITH RECOVERY TO TRANSMIT-ONLY MODE 


MODE ansmit, , ____Bi-directional_« 
Only = TVHZ 


SCL | | 5 


; Recovery to Transmit-Only Mode 
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| 
| (MSB of data in 00h) 
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FIGURE 2-5: DISPLAY OPERATION PER DDC STANDARD PROPOSED BY VESA 


















Counter=128 or 
timer expired? 


Yes 
Switch back to DDC1 
mode. 
























(Per Se es Ne ge Me, ag pee Sa ge pn ee Qe en eh oy Oe Ne ee ee ee ee Ge 7 
| The 24LC41A was designed to comply to the | 
: portion of flowchart inside dash box. 
| Display Power-on x a | 
or ommunication 
| | DDC Circuit Powered | 
from +5 volts — 
| : | 
| Is Vsync No | 
present? 
| | 
High to low No 
| Send EDID continuously transition on | 
| using Vsync as clock SCL? | 
Yes 
| High to low | 
| Tenenon on | 
| | 
communica 
| Switch to DDC2 mode, idle. Display waiting for 
address byte. | 
| Display has N | 
optional 
| ransition state DDC2B | 
9 address 
| Yes received? | 
or Start timer command 
| : | 
| Change on l 
No SCL, SDA or ome 
| VCLK lines? l 
| | 
Is display 
| High - low Access.bus™ | 
| transton on SCL capable? 
a SE, Me ee Bate oe pal 
r dae ed 
, | 
| | 
| Valid Yes | 
DDC2 address 
| received? | 
| | 
| “<> | See Access.bus 
specification to determine 
| | correct procedure. 
| Increment VCLK counter | 
| (if appropriate) | 
| | 
No 
| | 
| | 
| | 
| | 


Note 1: The base flowchart is copyright © 1993, 1994, 1995 Video Electronic Standard Association (VESA) from 
VESA's Display Data Channel (DDC) Standard Proposal ver. 2p rev. 0, used by permission of VESA. 


2: The dash box and text “The 24LC41A and ... 


inside dash box.” are added by Microchip Technology, Inc. 


3: Vsync signal is normally used to derive a signal for VCLK pin on the 24LC41A. 
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3.0 BI-DIRECTIONAL BUS 
CHARACTERISTICS 


Characteristics for the Bi-directional bus are identical 
for both the DDC Monitor Port (in Bi-directional Mode) 
and the Microcontroller Access Port The following bus 
protocol has been defined: 


e Data transfer may be initiated only when the bus 
is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the ciock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the DSDA or MSDA line 
while the clock (ODSCL or MSCL) is HIGH determines a 
START condition. All commands must be preceded by 
a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the DSDA or MSDA line 
while the clock (DSCL or MSCL) is HIGH determines a 
STOP condition. All operations must be ended with a 
STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. When 
an overwrite does occur, it will replace data in a first in 
first out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this a 


_ Note 





The device that acknowledges has to pull down the 
DSDA or MSDA line during the acknowledge clock 
pulse in such a way that the DSDA or MSDA line is sta- 
ble LOW during the HIGH period of the acknowledge 
related clock pulse. Of course, setup and hold times 
must be taken into account. A master must signal an 
end of data to the slave by not generating an acknowl- 
edge bit on the last byte that has been clocked out of 
the slave. In this case, the slave must leave the data 
line HIGH to enable the master to generate the STOP 
condition. 


3.6 Device Addressin 


A control byte is the first byte received following the 
start condition from the master device. The first part of 
the control byte consists of a 4-bit control code. This 
control code is set as 1010 for both read and write oper- 
ations and is the same for both the DDC Monitor Port 
and Microcontroller Access Port. The next three bits of 
the control byte are block select bits (B1, B2, and BO). 
All three of these bits are zero for the DDC Monitor 
Port. The B2 and B1 bits are don't care bits for the 
Microcontroller Access Port, and the BO bit is used by 
the Microcontroller Access Port to select which of the 
two 256 word blocks of memory are to be accessed 
(see Figure 3-4). The BO bit is effectively the most sig- 
nificant bit of the word address. The last bit of the con- 
trol byte defines the operation to be performed. When 
set to one, a read operation is selected; when set to 
zero, a write operation is selected. Following the start 
condition, the device monitors the DSDA or MSDA bus 
checking the device type identifier being transmitted, 
upon a 1010 code the siave device outputs an acknowl- 
edge signal on the SDA line. Depending on the state of 
the R/W bit, the device will select a read or a write oper- 
ation. The DDC Monitor Port and Microcontroller 
Access Port can be accessed simultaneously because 
they are completely independent of one another. 


Read 1010 B1B2B0 1 
Write 1010 B1B2B0 0 
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FIGURE 3-1: _DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
so (0) | (0) 





ADDRESS OR DATA 


STOP _ 
ACKNOWLEDGE ALLOWED . CONDITION 
VALID TO CHANGE 7 


Tsu:sSTo 





FIGURE 3-3: BUSTIMING DATA 


DSCL 


or 
MSCL Tsu:sta—e | 
IN Tsu:DAT _ Tsu:sto —> 


DSDA 
ie) 





FIGURE 3-4: CONTROL BYTE ALLOCATION 


a . READ/WRITE 


i SLAVE ADDRESS _~C 
"ke 


j 


/ nt | \ 


BO, B1, and B2 are zeros for DDC Monitor Port. B1 
and B2 are don’t care bits for the Microcontroller 
Access Port, and BO is used to select which of the 
two 256 word blocks of memory are to be accessed. 
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4.0 WRITE OPERATION 


Write operations are identical for the DDC Monitor Port 
(when in Bi-directional Mode) and the Microcontroller 
Access Port, with the exception of the VCLK and MWP 
pins noted in the next sections. Data can be written 
using either a byte write or page write command. Write 
commands for the DDC Monitor Port and the Microcon- 
troller Access Port are completely independent of one 
another. 


4.1 Byte Write 


Following the start signal from the master, the slave 
address (4-bits), the chip select bits (3-bits) and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the port. After receiving 
another acknowledge signal from the port, the master 
device will transmit the data word to be written into the 
addressed memory location. The port acknowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time, 
the port will not generate acknowledge signals (see 
Figure 4-1). 

For the DDC Monitor Port it is required that VCLK be 
held at a logic high level in order to program the device. 
This applies to byte write and page write operation. 
Note that VCLK can go low while the device is in its 
self-timed program operation and not affect program- 
ming. The MWP pin must be held high for the duration 
of the write protection. 


FIGURE 4-1: BYTE WRITE 


S) 
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SDA or 
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BUS ACTIVITY 


VCLK 


4.2 Page Write 


The write control byte, word address, and the first data 
byte are transmitted to the port in the same way as ina 
byte write. But, instead of generating a stop condition, 
the master transmits up to eight data bytes to the DDC 
Monitor Port or 16 bytes to the Microcontroller Access 
Port, which are temporarily stored in the on-chip page 
buffer and will be written into the memory after the mas- 
ter has transmitted a stop condition. After the receipt of 
each word, the three lower order address pointer bits 
are internaily incremented by one. The higher order 5- 
bits of the word address remains constant. If the master 
should transmit more than eight words to the DDC 
Monitor Port or 16 words to the Microcontroller Access 
Port prior to generating the stop condition, the address 
counter will roll over and the previously received data 
will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin (see Figure 4-2). 


For the DDC Monitor Port, it is required thatVCLK be 
held at a logic high level in order to program the device. 
This applies to byte write and page write operation. 
Note that VCLK can go low while the device is in its 
self-timed program operation and not affect program- 
ming. For the DDC Monitor Port, the MWP pin must be 
held high for the duration of the write cycle. 
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FIGURE 4-2: PAGE WRITE 
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FIGURE 4-3: VCLK WRITE ENABLE TIMING 
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5.0 ACKNOWLEDGE POLLING 


Acknowledge polling can be done for both the DDC 
Monitor Port (when in Bi-directional Mode) and the 
Microcontroller Access Port. 


Since the port will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize but 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W=0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 
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6.0 WRITE PROTECTION 
6.1 DDC Monitor Port 


When using the DDC Monitor Port in the Bi-directional 
Mode, the VCLK pin operates as the write protect con- 
trol pin. Setting VCLK high allows normal write opera- 
tions, while setting VCLK low prevents writing to any 
location in the array. Connecting the VCLK pin to Vss 
would allow the monitor port to operate as a serial 
ROM, although this configuration would prevent using 
the device in the Transmii-Gniy Mode. 


© 1998 Microchip Technology Inc. 


7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read 
and sequential read. These operations are identical for 
both the DDC Monitor Port (in Bi-directional Mode) and 
the Microcontroller Access Port and are completely 
independent of one another. 


7.1 Current Address Read 


The port contains an address counter that maintains 
the address of the last word accessed, internally incre- 
mented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the port issues an acknowledge 
and transmits the 8-bit data word. The master will not 
acknowledge the transfer but does generate a stop 
condition and the port discontinues transmission 
(Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
port as part of a write operation. After the word address 
is sent, the master generates a start condition following 
the acknowledge. This terminates the write operation, 
but not before the internal address pointer is set. The 
master then issues the control byte again, but with 
the R/W bit set to a one. The port then issues an 
acknowledge and transmits the 8-bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the port discontinues trans- 
mission (see Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the port transmits the first 
data byte, and the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the port to transmit the next sequentially 
addressed 8-bit word (see Figure 7-3). 


To provide sequential reads, the port contains an inter- 
nal address pointer, which is incremented by one at the 
completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 
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7.4 Noise Protection 


Both the DDC Monitor Port and Microcontroller Access 
Port employ a Vcc threshold detector circuit which dis- 
ables the internal erase/write logic, if the Vcc is below 
1.5 volts at nominal conditions. 


FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-2: RANDOM READ 


S 


Bus activity | 
MASTER R 


WORD 


CONTROL 
BYTE ADDRESS 


MSDA LINE 


BUS ACTIVITY 


FIGURE 7-3: SEQUENTIAL READ 
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The VCLK, DSCL, MSCL, DSDA, and MSDA inputs 
have Schmitt trigger and filter circuits which suppress 
noise spikes to assure proper device operation even on 
a noisy bus. 
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8.0 PIN DESCRIPTIONS 
8.1 DSDA 


This pin is used to transfer addresses and data into and 
out of the DDC Monitor Port, when the device is in the 
Bi-directional Mode. In the Transmit-Only Mode, which 
only allows data to be read from the device, data is also 
transferred on the DSDA pin. This pin is an open drain 
terminal, therefore the DSDA bus requires a pullup 
resistor to Vcc (typical 10KQ for 100 kHz, 2KQ for 400 
kHz). 


For normal data transfer in the Bi-directional Mode, 
DSDA is allowed to change only during DSCL or MSDA 
low. Changes during DSCL high are reserved for indi- 
cating the START and STOP conditions. 


8.2 DSCL 


This pin is the clock input for the DDC Monitor Port 
while in the Bi-directional Mode, and is used to syn- 
chronize data transfer to and from the device. It is also 
used as the signaling input to switch the device from 
the Transmit-Only Mode to the Bi-directional Mode. It 
must remain high for the chip to continue operation in 
the Transmit-Only Mode. 


8.3 VCLK 


This pin is the clock input for the DDC Monitor Port 
while in the Transmit-Only Mode. in the Transmit-Only 
Mode, each bit is clocked out on the rising edge of this 
signal. In the Bi-directional Mode, a high logic level is 
required on this pin to enable write capability. 


8.4 MWP 

This pin is used to write protect the 4K memory array 
for the Microcontroller Access Port. 

This pin must be connected to either Vss or Vcc. 


If tied to Vss, normal memory operation is enabled 
(read/write the entire memory). 


If tiled to Vcc, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 


8.5 MSCL 


This pin is the clock input for the Microcontroller Access 
Port, and is used to synchronize data transfer to and 
from the device. 





. p ue : oo ; F 
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8.6 MSDA 


This pin is used to transfer addresses and data into and 
out of the Microcontroller Access Port. This pin is an 
open drain terminal, therefore the MSDA bus requires 
a pullup resistor to Vcc (typical 10KQ for 100 kHz, 2KQ 
for 400 kHz). | 


MSDA is allowed to change only during MSCL low. 
Changes during MSCL high are reserved for indicating 


the START and STOP conditions. 
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24LC41A Product Identification System 


To order or to obtain information e. g., on pricing or delivery), please use the listed part numbers, and refer to the ecoly or the listed 
sales offices. - 


‘2aLcaA — ik, ae | ; ‘ 
| ‘T T——4package: P = Plastic DIP (300 mil), -lead 


‘Temperature * Blank = 0°C to+70°C _ 
Range: I = -40°C to +85°C 





Device: 24LC41A Dual Mode, Dual Port CMOS Serial EEPROM _ 


Sales and Support 


Data Sheets 


Products supported by a preliminary Data Sheet may have an errata sheet describing minor eparetional differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 
1. Your local Microchip sales office 


2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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1K/4K 2.5V Dual Mode, Dual Port I7C’" Serial EEPROM 








FEATURES 


Single supply with operation down to 2.5V 
Completely implements DDC 1™/DDC2™ interface 
for monitor identification 

Improved noise immunity 

Separate high speed 2-wire bus for 
microcontroller access to 4K-bit Serial EEPROM 
Low power CMOS technology 

2 mA active current typical 

20 nA standby current typical at 5.5V 

Dual 2-wire serial interface bus 

Hardware write-protect for DDS monitor ports 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes (DDC port) or 
16 bytes (4K Port) 

100 kHz (2.5V) and 400 kHz (5V) compatibility 
1,000,000 erase/write cycles guaranteed 

Data retention > 40 years 

8-pin PDIP package 

Available for extended temperature ranges 


- Commercial o°C to +70°C 
(C): 
- Industrial (1): -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 24LCS41 is a dual-port 
128 x 8 and 512 x 8-bit Electrically Erasable PROM 
(EEPROM). This device is designed for use in applica- 
tions requiring storage and serial transmission of con- 
figuration and control information. Three modes of 
operation have been implemented: 


¢ Transmit-Only Mode for the DDC Monitor Port 
e Bi-directional Mode for the DDC Monitor Port 


¢ Bi-directional, industry-standard 2-wire bus for the 
4K Microcontroller Access Port 


Upon power-up, the DDC Monitor Port will be in the 
Transmit-Only Mode, repeatedly sending a serial bit 
stream of the entire memory array contents, clocked by 
the VCLK pin. A valid high to low transition on the 
DSCL pin will cause the device to enter the bi-direc- 
tional Mode, with byte-selectable read/write capability 
of the memory array. The 4K-bit microcontroller port is 
completely independent of the DDC port, therefore, it 
can be accessed continuously by a microcontroller 
without interrupting DDC transmission activity. The 


DDC is a trademark of Video Electronics Standards Association. 
12C is a trademark of Philips Corporation. 
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PACKAGE TYPE 
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24LCS41 is available in a standard 8-pin PDIP pack- 
age in both commercial and industrial temperature 
ranges. 
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1.0 ELECTRICAL CHARACTERISTICS 
11. aman 


VOC eserdsycccvencetees oy esouecantsevisidie cecmuetvccecstervatenseeiaenie austen 7.0V- 
All inputs and outputs w. Ft. VSS cecsececccsssee -0.6V to Vcc +1.0V 
Storage temperature ............ccsccceseccessseeeseeees -65°C to +150°C 
Ambient temp. with power applied................. -65°C to +125°C 
Soldering ternperature of leads (10 seconds)............. +300°C — 
ESD protection On all Pins ............. cc cessssscssssesecseceeseeseeees 24kV 


*Notice: Stresses above those listed under “Maximum ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 


other conditions above those indicated in the operational listings 
-of this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 


TABLE 1-2: DC CHARACTERISTICS 


Vcc = +2.5V to 5.5V 
Commercial (C): 


Industrial (I): 


IDSCL, DSDA, MSCL & MSDA pins: _ DSDA, MSCL & MSDA pins: 
High level input voltage 
Low level input voltage 


Input levels on VCLK pin: 
High level input voltage 
Low level input voltage 





PIN FUNCTION TABLE 


___Name | ___Function 


| Serial Clock for DDC bi-directional 


Mode (DDC2) | 
Serial Address and Data I/O 
(DDC Bus) 


Serial Clock for DDC transmit-only 
mode (DDC1) 


Serial clock for 4K-bit MCU port 


Serial Address and Data |/O for 
4K-bit MCU port 


Hardware write-protect for 4K-bit 
DDC monitor port 


Ground 
+2.5V to +5.5V power supply 


Tamb = 0O°C to +70°C 
= -40°C to +85°C 


Vcc 2 2.7V (Note) 
Vcc < 2.7V (Note) 


Low level output voltage 
Low level output voltage 
| Input oo ne aa current 


Output (Output leakage current =| current 


Tver | — | 4 |v |lo=3ma veo=2av wot 


i 
Tae [10 | vA |vweaviovos 
ve [ae [10 [oa vernivevee 


Pin capacitance (all inputs/outputs) Cin, COUT Vcc = 5.0V (Note), 
Tamb = 25°C, FCLK = 1 MHz 
Operating current Icc Write mA |Vcc =5.5V, DSCL or MSCL = 400 
Icc Read mA {kHz 





Standby current Iccs 60 wA |Vcc =3.0V, DSDA or MSDA = 
200 wA |DSCL or MSCL = Vcc 
Vcc = 5.5V, DSDA or MSDA = 
DSCL or MSCL = Vcc 
VCLK = VSS 


Note: This parameter is periodically sampled and not 100% tested. 


z SET CS EN SDE PIO STS PPLE TIT TEES SP SR HEARTED SRT IN HE 5 
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TABLE 1-3: | AC CHARACTERISTICS (DDC MONITOR AND MICROCONTROLLER ACCESS 
PORTS) 





DDC Monitor Port (Bi-directional Mode) and Microcontroller Access Port 


Standard Mode | “°C = 4-5 - 5.5V 




















Parameter Symbol Fast Mode 
Clock frequency (DSCLand | FCLk 100 400 kHz 
MSCL) 
| Clock high time (DSCL and | THIGH 4000 — 600 ns 
MSCL) 


MSCL) 
DSCL, DSDA, MSCL & TR 1000 
MSDA rise time 

: 
MSDA fall time 


START condition hold time 4000 ea 
START condition setup 4700 Pet 
time 


[Data inputholdtime | THowoaT| =O | 
Data input setup time | Tsuoar| 250 | — | 
[STOP condition setup time |Tsu:sto| 4000 | — _ 
Output valid fromclock _|_Taa_| — | 3500 | 


_ ~ _ i 


Output fall time from VIH TOF 250 | 20+.1 250 
min to Vi max CB 


Input filter spike suppres- 
sion (DSCL, DSDA, MSCL 
& MSDA pins) 


Write cycletime | Twa | — | 10 | — | 


lO i I Nall Rl 


Ww 
fo) 
Oo 


Note 1) 


= 
o>) 
Oo 
oO 


300 ns (Note 1) 

ns After this period the first 
clock pulse is generated 
Only relevant for repeated 
START condition 


ns 






Time the bus must be free 
before a new transmission 
can start 


(Note 1), CB < 100 pF 










(Note 3) 


— 

on 

v 
8 
oO 

—_ a 
© io) 


= 


” 


Ss Byte or Page mode 
cycles | 25°C, Vcc = 5.0V, Block 





Mode (Note 4) 
DDC Monitor Port Transmit-Only Mode Parameters 
[Output validfromVCLK | Tvaa | = — | 2000 | — | 1000 | ns {| sid 
|VCLKhightime | ‘TvicH | 4000 | — | 600 | — | ns {| id 
|VCLK lowtime sss | Twwow | 4700 | — | 1300 | — | ns {| 
|VCLK setuptime | Tvwst | 0 | — | o | — | ns | 
lVCLKholdtime sss | Tse | oo | — | oO | — | ns [| 
|Mode transition time ss ||_-Twnz_ | — | 500 | — | 500 | ns | 
[‘Transmit-Only poweruptime | Tveu | o | — | o | — {| ns {| | 
Input filter spike suppression ces hea 100 | 100 oT 
(VCLK pin) 


Note 1: Not 100% tested. Cs = total capacitance of one bus line in pF. 

2: Asa transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of DSCL or MSCL to avoid unintended generation of START or STOP 
conditions. 

3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Tt specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 
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2.0 FUNCTIONAL DESCRIPTION 
2.1 DDC Monitor Port 


The DDC Monitor Port operates in two modes, the 
Transmit-Only Mode and the bi-directional Mode. 
There is a separate 2-wire protocol to support each 
mode, each having a separate clock input and sharing 
a common data line (DSDA). The device enters the 
Transmit-Only Mode upon power-up. In this mode, the 
device transmits data bits on the DSDA pin in response 
to a clock signal on the VCLK pin. The device will 
remain in this mode until a valid high to low transition is 
placed on the DSCL input. When a valid transition on 
DSCL is recognized, the device will switch into the bi- 
directional Mode. The only way to switch the device 
back to the Transmit-Only Mode is to remove power 
from the device. 


2.1.1 TRANSMIT-ONLY MODE 


The device will power up in the Transmit-Only Mode. 
This mode supports a unidirectional 2-wire protocol for 
transmission of the contents of the memory array. This 
device requires that it be initialized prior to valid data 
being sent in the Transmit-Only Mode (Section 2.1.2). 


FIGURE 2-1: TRANSMIT-ONLY MODE 


In this mode, data is transmitted on the DSDA pin in 8- 
bit bytes, each followed by a ninth, null bit (Figure 2-1). 
The clock source for the Transmit-Only Mode is pro- 
vided on the VCLK pin, and a data bit is output on the 
rising edge on this pin. The eight bits in each byte are 
transmitted by most significant bit first. Each byte within 
the memory array will be output in sequence.When the 
last byte in the memory array is transmitted, the output 
will wrap around to the first location and continue. The 
bi-directional Mode Clock (DSCL) pin must be held 
high for the device to remain in the Transmit-Only 
Mode. 


2.1.2 INITIALIZATION PROCEDURE 


After Vcc has stabilized, the device will be in the Trans- 
mit-Only Mode. Nine clock cycles on the VCLK pin 
must be given to the device for it to perform internal 
sychronization. During this period, the DSDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit of a byte. 
The device will power up at an indeterminate byte 
address (Figure 2-2). 


SCL / 


TVAA TVAA 


pl —_— —— | —— 


Bit 1 (LSB): 
I 





| 
| TVHIGH ; TVLOW | 


FIGURE 2-2: DEVICE INITIALIZATION 
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2.1.3  BI-DIRECTIONAL MODE 


The DDC Monitor Port can be switched into the bi- 
directional Mode (Figure 2-3) by applying a valid high 
to low transition on the Bi-directional Mode Clock 
(DSCL). When the device has been switched into the 
Bi-directional Mode, the VCLK input is disregarded, 
with the exception that a logic high level is required to 
enable write capability. This mode supports a 2-wire bi- 
directional data transmission protocol. In this protocol, 
a device that sends data on the bus is defined to be the 
transmitter, and a device that receives data from the 
bus is defined to be the receiver. The bus must be con- 
trolled by a master device that generates the Bi-direc- 
tional Mode Clock (DSCL), controls access to the bus 
and generates the START and STOP conditions, while 
the DDC Monitor Port acts as the slave. Both master 
and slave can operate as transmitter or receiver, but 
the master device determines which mode is activated. 


FIGURE 2-3: MODE TRANSITION 


Transmit Only Mode 


2.2 Microcontroller Access Port 





The Microcontroller Access Port supports a bi-direc- 
tional 2-wire bus and data transmission protocol. A 
device that sends data onto the bus is defined as trans- 
mitter, and a device receiving data as receiver. The bus 
has to be controlled by a master device which gener- 
ates the serial clock (MSCL), controls the bus access, 
and generates the START and STOP conditions, while 
the Microcontroller Access Port works as slave. Both 
master and slave can operate as transmitter or 
receiver, but the master device determines which mode 
is activated. 


, Bi-Directional Mode 


<< 


1 TVHZ ! 
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—— PS 
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3.0 BI-DIRECTIONAL BUS 
CHARACTERISTICS 


Characteristics for the bi-directional bus are identical 
for both the DDC Monitor Port (in Bi-directional Mode) 
and the Microcontroller Access Port The following bus 
protocol has been defined: 


¢ Data transfer may be initiated only when the bus 
is not busy. a 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus not Busy (A) 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the DSDA or MSDA line 
while the clock (DSCL or MSCL) is HIGH determines a 
START condition. All commands must be preceded by 
a START condition. | 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the DSDA or MSDA line 
while the clock (DSCL or MSCL) is HIGH determines a 
STOP condition. All operations must be ended with a 
STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. When 
an overwrite does occur, it will replace data in a first in 
first out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 





The device that acknowledges has to pull down the 
DSDA or MSDA line during the acknowledge clock 
pulse in such a way that the DSDA or MSDA line is sta- 
ble LOW during the HIGH period of the acknowledge 
related clock pulse. Of course, setup and hold times 
must be taken into account. A master must signal an 
end of data to the slave by not generating an acknowl- 
edge bit on the last byte that has been clocked out of 
the slave. In this case, the slave must leave the data 
line HIGH to enable the master to generate the STOP 
condition. 


3.6 Device Addressing 


A control byte is the first byte received following the 
start condition from the master device. The first part of 
the control byte consists of a 4-bit control code. This 
control code is set as 1010 for both read and write oper- 
ations and is the same for both the DDC Monitor Port 
and Microcontroller Access Port. The next three bits of 
the control byte are block select bits (B1, B2, and BO). 
All three of these bits are don’t care bits for the DDC 
Monitor Port. The B2 and B1 bits are don’t care bits for 
the Microcontroller Access Port, and the BO bit is used 
by the Microcontroller Access Port to select which of 
the two 256 word blocks of memory are to be accessed 
(Figure 3-4). The BO bit is effectively the most signifi- 
cant bit of the word address. The last bit of the control 
byte defines the operation to be performed. When set 
to one, a read operation is selected; when set to zero, 
a write operation is selected. Following the start condi- 
tion, the device monitors the DSDA or MSDA bus 
checking the device type identifier being transmitted, 
upon a 1010 code the slave device outputs an acknowl- 
edge signal on the SDA line. Depending on the state of 
the R/W bit, the device will select a read or a write oper- 
ation. The DDC Monitor Port and Microcontroller 
Access Port can be accessed simultaneously because 
they are completely independent of one another. 


Operation | Control Code | Chip Select RAV 


Read 1010 XXBO 1 
Write 1010 XXBO 0 
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FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS 
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FIGURE 3-2: BUS TIMING START/STOP 





@held pue Bnid 
pue SUud!}NjOS GI 


FIGURE 3-3: BUS TIMING DATA 
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FIGURE 3-4: CONTROL BYTE ALLOCATION 


/ \ 


X = Don't care. BO is don’t care for DDC Monitor 
Port, but is used by the Microcontroller Access 
Port to select which of the two 256 word blocks of 
memory are to be accessed. 
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4.0 WRITE OPERATION 


Write operations are identical for the DDC Monitor Port 
(when in Bi-directional Mode) and the Microcontroller 
Access Port, with the exception of the VCLK and MWP 
pins noted in the next sections. Data can be written 
using either a byte write or page write command. Write 
commands for the DDC Monitor Port and the Microcon- 
troller Access Port are completely independent of one 
another. 


4.1 Byte Write 


Following the start signal from the master, the slave 
address (4-bits), the chip select bits (3-bits) and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the port. After receiving 
another acknowledge signal from the port, the master 
device will transmit the data word to be written into the 
addressed memory location. The port acknowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time, 
the port will not generate acknowledge signals 
(Figure 4-1). 


For the DDC Monitor Port it is required that VCLK be 
held at a logic high level in order to program the device. 
This applies to byte write and page write operation. 
Note that VCLK can go low while the device is in its 


FIGURE 4-1: BYTE WRITE 


BUS ACTIVITY 
MASTER are 


; 
A 
R 
7 


self-timed program operation and not affect program- 
ming. The DWP pin must be held high for the duration 
of the write protection. 


4.2 Page Write 


The write control byte, word address, and the first data 
byte are transmitted to the port in the same way as ina 
byte write. But, instead of generating a stop condition, 
the master transmits up to eight data bytes to the DDC 
Monitor Port or 16 bytes to the Microcontroller Access 
Port, which are temporarily stored in the on-chip page 
buffer and will be written into the memory after the mas- 
ter has transmitted a stop condition. After the receipt of 
each word, the three lower order address pointer bits 
are internally incremented by one. The higher order 5- 
bits of the word address remains constant. If the master 
should transmit more than eight words to the DDC 
Monitor Port or 16 words to the Microcontroller Access 
Port prior to generating the stop condition, the address 
counter will roll over and the previously received data 
will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin (Figure 4-2). 


For the DDC Monitor Port, it is required thatVCLK be 
held at a logic high level in order to program the device. 
This applies to byte write and page write operation. 
Note that VCLK can go low while the device is in its 
self-timed program operation and not affect program- 
ming. 


For the Microcontroller Access Port, the MWP pin must 
be held to Vss during the entire write operation. 


WORD 
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FIGURE 4-2: PAGE WRITE 
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FIGURE 4-3: VCLK WRITE ENABLE TIMING 
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5.0 ACKNOWLEDGE POLLING 


Acknowledge polling can be done for both the DDC 
Monitor Port (when in Bi-directional Mode) and the 
Microcontroller Access Port. 


Since the port will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize but 
throughput). Once the stop condition for a write com- 
mand has been issued from the master, the device ini- 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W=0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 


FIGURE 5-1: ACKNOWLEDGE POLLING 
FLOW 
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Write Command 
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6.0 WRITE PROTECTION 
6.1 DDC Monitor Port 


When using the DDC Monitor Port in the Bi-Directional 
Mode, the VCLK pin operates as the write protect con- 
trol pin. Setting VCLK high allows normal write opera- 
tions, while setting VCLK low prevents writing to any 
location in the array. Connecting the VCLK pin to Vss 
would allow the port to operate as a serial ROM, 
although this configuration would prevent using the 
device in the Transmit-Only Mode. 


Additionally, Pin 3 performs a flexible write protect 
function. The monitor port contains a write-protection 
control fuse whose factory default state is cleared. 
Writing any data to address 7Fh (normally the 
checksum in DDC applications) sets the fuse which 
enables the WP pin. Until this fuse is set, the monitor 
port is always write enabled (if VCLK = 1). After the 
fuse is set, the write capability of the 24LCS41 is deter- 
mined by WP (Figure 6-1). 


FIGURE 6-1: WRITE PROTECT TRUTH 
TABLE 


Add. 7Fh 
vou | wr | Mm | Mote 
po) ht CUX CX ~Read Only | 
X | No | RW | 










6.2 Microcontroller Access Port 


The Microcontroller Access Port can be used as a 
serial ROM when the MWP pin is connected to Vcc. 
Programming will be inhibited and the entire memory 
associated with the Microcontroller Access Port will be 
write-protected. 
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7.0 READ OPERATION 


Read operations are initiated in the same way as write 


operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read 
and sequential read. These operations are identical for 
both the DDC Monitor Port (in Bi-directional Mode) and 
the Microcontroller Access Port and are completely 
independent of one another. 


7.1 Current Address Read 


The port contains an address counter that maintains 
the address of the last word accessed, internally incre- 
mented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the port issues an acknowledge 
and transmits the 8-bit data word. The master will not 
acknowledge the transfer but does generate a stop 
condition and the port discontinues transmission 
(Figure 7-1). | 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
port as part of a write operation. After the word address 
is sent, the master generates a start condition following 
the acknowledge. This terminates the write operation, 
but not before the internal address pointer is set. The 
master then issues the control byte again, but with 
the R/W bit set to a one. The port then issues an 
acknowledge and transmits the 8-bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the port discontinues trans- 
mission (Figure 7-2). 


FIGURE 7-1: CURRENT ADDRESS READ 
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7.3 Sequential Read | 


Sequential reads are initiated in the same way as a ran- 
dom read except that after the port transmits the first 
data byte, and the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the port to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 


To provide sequential reads, the port contains an inter- 
nal address pointer, which is incremented by one at the 
completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


7.4 Noise Protection 


Both the DDC Monitor Port and Microcontroller Access 
Port employ a Vcc threshold detector circuit which dis- 
ables the internal erase/write logic, if the Vcc is below 
1.5 volts at nominal conditions. 


The DSCL, MSCL, DSDA, and MSDA inputs have 
Schmitt trigger and filter circuits which suppress noise 
spikes to assure proper device operation even on a 
noisy bus. 


DATA n 


K 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PIN DESCRIPTIONS 
8.1 DSDA 


This pin is used to transfer addresses and data into and 
out of the DDC Monitor Port, when the device is in the 
bi-directional Mode. In the Transmit-Only Mode, which 
only allows data to be read from the device, data is also 
transferred on the DSDA pin. This pin is an open drain 
terminal, therefore the DSDA bus requires a pullup 
resistor to Vcc (typical 10 KQ for 100 kHz, 2 KQ for 
400 kHz). 


For normal data transfer in the Bi-directional Mode, 
DSDA is allowed to change only during DSCL or MSDA 
low. Changes during DSCL high are reserved for indi- 
cating the START and STOP conditions. 


8.2 DSCL 


This pin is the clock input for the DDC Monitor Port 
while in the bi-directional Mode, and is used to synchro- 
nize data transfer to and from the device. It is also used 
as the signaling input to switch the device from the 
Transmit-Only Mode to the bi-directional Mode. It must 
remain high for the chip to continue operation in the 
Transmit-Only Mode. 


8.3 VCLK 


This pin is the clock input for the DDC Monitor Port 
while in the Transmit-Only Mode. In the Transmit-Only 
Mode, each bit is clocked out on the rising edge of this 
signal. In the bi-directional Mode, a high logic level is 
required on this pin to enable write capability. 





a nS SSDS 
DS21174B-page 6-89 


© 1998 Microchip Technology Inc. 


WORD 
ADDRESS 


DATA n + 1 


OW A A A 
C C C G 
K K 








S 
T 
O 
p 


DATA n + 2 DATA n + X 


K 


8.4 DWP 


This pin is used for flexible write protection of the DDC 
Monitor Port. When the last memory location (7Fh) is 
written with any data, this pin is enabled and deter- 
mines the write capability of the 24LCS41. 


The WP pin has an internal pull up resistor which will 
allow write capability (assuming VCLK = 1 at all times 
if this pin is floated. 


8.5 §MSCL 


This pin is the clock input for the Microcontroller Access 
Port, and is used to synchronize data transfer to and 
from the device. 


8.6 MSDA 


This pin is used to transfer addresses and data into and 
out of the Microcontroller Access Port. This pin is an 
open drain terminal, therefore the MSDA bus requires 
a pullup resistor to Vcc (typical 10 KQ for 100 kHz, 
2 KQ for 400 kHz). 


MSDA is allowed to change only during MSCL low. 
Changes during MSCL high are reserved for indicating 
the START and STOP conditions. 
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24LCS41 Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LCS41 - /P 


| eens Package: -  P = Plastic DIP (300 mil), 8-lead 


Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 


Device: 24LCS41 Dual Mode, Dual Port I2C Serial EEPROM 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 


24LCS41A 





1K/4K 2.5V Dual Mode, Dual Port 2C’” Serial EEPROM 





FEATURES 


Single supply with operation down to 2.5V 
Completely implements DDC1™/DDC2™ interface 
for monitor identification, including recovery to 
DDC1 

Improved noise immunity 

Separate high speed 2-wire bus for 
microcontroller access to 4K-bit Serial EEPROM 
Low power CMOS technology 

2 mA active current typical 

20 vA standby current typical at 5.5V 

Dual 2-wire serial interface bus, I°C™ compatible 
Hardware write-protect for DDC Monitor Port 
Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 8 bytes (DDC port) or 
16 bytes (4K Port) 


eee 8 @ e 6° 


* 100 kHz (2.5V) and 400 kHz (5V) compatibility 
* 1,000,000 erase/write cycles guaranteed 
¢ Data retention > 40 years 
e 8-pin PDIP package 
¢ Available for extended temperature ranges 

- Commercial (C): 0°C to +70°C 

- Industrial (I): -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 24LCS41A is a dual- 
port 128 x 8 and 512 x 8-bit Electrically Erasable 
PROM (EEPROM). This device is designed for use in 
applications requiring storage and serial transmission 
of configuration and control information. Three modes 
of operation have been implemented: 


e Transmit-Only Mode for the DDC Monitor Port 
¢ Bi-directional Mode for the DDC Monitor Port 


¢ Bi-directional, industry-standard 2-wire bus for the 
4K Microcontroller Access Port 


Upon power-up, the DDC Monitor Port will be in the 
Transmit-Only Mode, repeatedly sending a serial bit 
stream of the entire memory array contents, clocked by 
the VCLK pin. A valid high to low transition on the 
DSCL pin will cause the device to enter the transition 
mode, an look for a valid control byte on the I@C bus. If 
it detects a valid control byte from the master, it will 
switch to Bi-directional Mode, with byte selectable 
read/write capability of the memory array using DSCL. 
If no control byte is received, the device will revert to 
the Transmit-Only Mode after it received 128 consecu- 
tive VCLK 


DDC is a trademark of Video Electronics Standards Association. 
12C is a trademark of Philips Corporation. 
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pulses while the DSCL pin is idle. The 4K-bit microcon- 
troller port is completely independent of the DDC port, 
therefore, it can be accessed continuously by a micro- 
controller without interrupting DDC transmission activ- 
ity. The 24LCS41A is available in a standard 8-pin 
PDIP package in both commercial and industrial tem- 
perature ranges. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: | PIN FUNCTION TABLE 

1.1 Maximum Ratings* 

Voc 7.0V Serial Clock for DDC Bi-directional 
All inputs and outputs wart. VSS .....cccscseo-e -0.6V to Vec +1.0V Mode (DDC2) 

Storage temperature 0... eeeessessesescssereees -65°C to +150°C Serial Address and Data I/O 
Ambient temp. with power applied................. -65°C to +125°C (DDC Bus) 

Soldering temperature of leads (10 seconds)............. +300°C Serial Clock for DDC transmit-only 
ESD protection On alll PINS... ceeesseeecesteeeeceeeeeeneees 24kV mode (DDC1) 

*Notice: Stresses above those listed under “Maximum ratings” Serial clock for 4K-bit MCU port 
may cause permanent damage to the device. This is a stress rat- ; 

ing only and functional operation of the device at those or any Serial Address and Data I/O for 
other conditions above those indicated in the operational listings 4K-bit MCU port 


of this specification is not implied. Exposure to maximum rating 


a na: Hardware write-protect for DDC 
conditions for extended periods may affect device reliability. 


Monitor Port 
Ground 
+2.5V to +5.5V power supply 





TABLE 1-2: DC CHARACTERISTICS 
VCC = +2.5V to 5.5V 


Commercial (C): Tamb = 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 


sync | wn [wx | Ute | ___conone 


DSCL, DSDA, MSCL & MSDA pins: 
High level input voltage VIH .7 Vcc — V 
Low level input voltage VIL — .3 VCC V 
2.0 


© 


Vcc > 2.7V (Note) 
Vcc < 2.7V (Note) 


Note 1 


=—s 
Input leakage current It 


Pin capacitance (all inputs/outputs) | CIN, COUT pF |Vcc = 5.0V (Note), 
Tamb = 25°C, FCLK = 1 MHz 
Operating current - Icc Write 3 mA |Vcc =5.5V, DSCL or MSCL = 400 
Icc Read 1 mA | kHz 


Standby current Iccs 60 uA | Vcc = 3.0V, DSDA or MSDA = DSCL 
200 uA j}orMSCL =Vcc 
Vcc = 5.5V, DSDA or MSDA = DSCL 
or MSCL = Vcc 
VCLK = VSS 


Note: This parameter is periodically sampled and not 100% tested. 


< 
Q 
©) 


Input levels on VCLK pin: 
High level input voltage VIH 
Low level input voltage VIL 2 


VOL1 


Hysteresis of Schmitt trigger inputs 


Low level output voltage 4 


Low level output voltage 
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TABLE 1-3: | AC CHARACTERISTICS (DDC MONITOR AND MICROCONTROLLER ACCESS 
PORTS) 


DDC Monitor Port (Bi-directional Mode) and Microcontroller Access Port 


Vcc = 4.5 - 5. aaa | 
Standard Mode 
ee ae es 


Glock frequency (DSCL and | frequency (DSCL and FOLK | 
MSCL) 


Clock high time (DSCL and | THIGH ! 4000 — 
MSCL) 


Clock low time (DSCL and TLow | 4700 1300 

MSCL) 

DSCL, DSDA, MSCL & 1000 (Note 1) 

MSDA rise time 

DSCL, DSDA, MSCL & (Note 1) 

MSDA fall time 

START condition hold time | THD:sTA| 4000 After this period the first clock 
pulse is generated 

START condition setup TSU:STA | 4700 Only relevant for repeated 

= ese ise lel Heil esd lk ed aa 


[Data nputholdtme _[Twowar| 0 [| — [0 | = | ne [Woe 
Dasips ipsa ova] ea |= Poor f= fe PS 
ee eee ee 

Tra aa a 


Bus free time a am — Time the bus must be free 
before a new transmission 
can start 
Output fall time from VIH 20 +.1 (Note 1), CB < 100 pF 
min to ViL max CB 
Input filter spike suppres- (Note 3) 
sion (DSCL, DSDA, MSCL 
& MSDA pins) 


Write cycle time twa [= [ios |e or Page mode 


Endurance cycles | 25°C, Vcc = 5.0V, Block Mode 
(Note 4) 


DDC monitor Port Transmit-Only Mode SEC 


~~ < 
. 
. 
. 
~~ 





i ae oh oe a  s 
VELKiowtime | Twow | 4700 [| — | 1300 | — [ms [SS 
ean oT AE Ga 
VoUKholdtime | Teen | 4000 [ — | 60 | — [ms | SSS 


[Mode transition time | Twaz | — | 600 | — | 800 | ms | SS 
Traneni-oniy power apne [Tweu [OJ fens 


Input filter aa suppression TSPV 
(VCLK pin) 


Note ; Not 100% tested. Cs = total Capacitance of one bus line in pF. 

2: As atransmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of DSCL or MSCL to avoid unintended generation of START or STOP 
conditions. 

3: The combined Tsp and VHyYs specifications are due to new Schmitt trigger inputs which provide improved 
noise and spike suppression. This eliminates the need for a Ti specification for standard operation. 

4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our website. 


© 1998 Microchip Technology Inc. DS21175B-page 6-93 


aS 
< 
Yo} 
o 
= 
2. 
a 
% 
< 
) 


0 
Y”) 
©. 
c 
= 
O 
=) 
a 
© 
5 
2. 











24LCS41A 





2.0 ~FUNCTIONAL DESCRIPTION 
2.1 DDC Monitor Port 


The DDC Monitor Port operates in two modes, the 
Transmit-Only Mode and the Bi-directional Mode. 
There is a separate 2-wire protocol to support each 
mode, each having a separate clock input and sharing 
a common data line (DSDA). The device enters the 
Transmit-Only Mode upon power-up. In this mode, the 
device transmits data bits on the DSDA pin in response 
to a clock signal on the VCLK pin. The device will 
remain in this mode until a valid high to low transition is 
placed on the DSCL input. When a valid transition on 
DSCL is recognized, the device will switch into the Bi- 
directional Mode and look for its control byte to be sent 
by the master. If it detects its control byte, it will stay in 
the Bi-directional Mode. Otherwise, it will revert to the 
Transmit-Only Mode after it sees 128 VCLK pulses. 


2.1.1. TRANSMIT-ONLY MODE 


The device will power up in the Transmit-Only Mode at 
address OOH. This mode supports a unidirectional 2- 
wire protocol for’ transmission of the contents of the 
memory array. This device requires that it be initialized 


FIGURE 2-1: ©TRANSMIT-ONLY MODE 


prior to valid data being sent in the Transmit-Only Mode 
(Section 2.1.2). In this mode, data is transmitted on 
the DSDA pin in 8-bit bytes, each followed by a ninth, 


‘null bit (Figure 2-1). The clock source for the Transmit- 


Only Mode is provided on the VCLK pin, and a data bit 
is output on the rising edge on this pin. The eight bits in 
each byte are transmitted by most significant bit first. 
Each byte within the memory array will be output in 
sequence. When the last byte in the memory array is 
transmitted, the output will wrap around to the first loca- 
tion and continue. The Bi-directional Mode Clock 
(DSCL) pin must be held high for the device to remain 
in the Transmit-Only Mode. 


2.1.2 INITIALIZATION PROCEDURE 


After Vcc has stabilized, the device will be in the Trans- 
mit-Only Mode. Nine clock cycles on the VCLK pin 
must be given to the device for it to perform internal 
sychronization. During this period, the DSDA pin will be 
in a high impedance state. On the rising edge of the 
tenth clock cycle, the device will output the first valid 
data bit which will be the most significant bit of a byte. 
The device will power up at an indeterminate byte 
address (Figure 2-2). 
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FIGURE 2-2: DEVICE INITIALIZATION 
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2.1.3 BI-DIRECTIONAL MODE 


Before the 24LCS41A can be switched into the Bi- 
directional Mode (Figure 2-4), it must enter the transi- 
tion mode, which is done by applying a valid high to low 
transition on the Bi-directional Mode Clock (DSCL). As 
soon it enters the transition mode, it looks for a control 
byte 1010 O00X on the IC™ bus, and starts to count 
pulses on VCLK. Any high to low transition on the 
DSCL line will reset the count. If it sees a pulse count 
of 128 on VCLK while the DSCL line is idle, it will revert 
back to the Transmit-Only Mode, and transmit its con- 
tents starting with the most significant bit in address 
00h. However, if it detects the control byte on the I?C 
bus, (Figure 2-3) it will switch to the in the Bi-directional 
Mode. Once the device has made the transition to the 
Bi-directional mode, the only way to switch the device 

‘back to the Transmit-Only Mode is to remove power 
from the device. The mode transition process is shown 
in detail in Figure 2-4. 


Once the device has switched into the Bi-directional 
Mode, the VCLK input is disregarded, with the excep- 
tion that a logic high level is required to enable write 
capability. This mode supports a two-wire Bi-directional 
data transmission protocol (I@C). In this protocol, a 


FIGURE 2-3: 
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device that sends data on the bus is defined to be the 
transmitter, and a device that receives data from the 
bus is defined to be the receiver. The bus must be con- 
trolled by a master device that generates the Bi-direc- 
tional Mode Clock (DSCL), controls access to the bus 
and generates the START and STOP conditions, while 
the monitor port acts as the slave. Both master and 
slave can operate as transmitter or receiver, but the 
master device determines which mode is activated. In 
the Bi-directional mode, the monitor port only responds 
to commands for device 1010 000X. 


2.2 Microcontroller Access Port 


The Microcontroller Access Port supports a bi-direc- 
tional 2-wire bus and data transmission protocol. A 
device that sends data onto the bus is defined as trans- 
mitter, and a device receiving data as receiver. The bus 
has to be controlled by a master device which gener- 
ates the serial clock (MSCL), controls the bus access, 
and generates the START and STOP conditions, while 
the Microcontroller Access Port works as slave. Both 
master and slave can operate as transmitter or 
receiver, but the master device determines which mode 
is activated. 


SUCCESSFUL MODE TRANSITION TO BI-DIRECTIONAL MODE 


Bi-directional 


Transition Mode with possibility to return to Transmit-Only Mode permanently 
| rr 


<———______»> 





MODE TRANSITION WITH RECOVERY TO TRANSMIT-ONLY MODE 


| 
| 
| (MSB of data in 00h) 
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FIGURE 2-5: DISPLAY OPERATION PER DDC STANDARD PROPOSED BY VESA 


The 24LCS41A was designed to comply to the 
portion of flowchart inside dash box. 





Display Power-on 
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Communication 
DDC Circuit Powered is idle 
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present? 


i 


Send EDID continuously 
using Vsync as clock 





High to low No 
transition on 
SCL? 


Yes 


High to low 
transition on 


D 
; 

r 

~~ 


Yes 








Stop sending EDID. Dpc2 ‘cat 
communication 
Switch to DDC2 mode. idle. Display waiting for 
address byte. 
Display has No 
optional 

ransition state DDC2B 
? address 
Ves received? 


Set Vsync counter = 0 
or start timer 


Receive DDC2B 
command 


Cinnige on Reset counter or timer Respond to DDCZB 
VCLK lines? 
Yes 
Is display 
No High - low Access.bus 


transition on SCL capable? 


; 


BRS cece eas eee ad 


Yes 
Reset Vsync counter = 0 j 
Valid Access.bus 
address? 
Valid 
DDC2 address bts 

received? Yes 

. No d 
See Access.bus 

specification to determine 

correct procedure. 


Yes 


Increment VCLK counter 
(it appropriate) 


Counter=128 or 
timer expired 


Yes 


Switch back to DDC1 
e 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| No SCL, SDA or corned 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Note 1: The base flowchart is copyright © 1993, 1994, 1995 Video Electronic Standard Association (VESA) from 
VESA’s Display Data Channel (DDC) Standard Proposal ver. 2p rev. 0, used by permission of VESA. 


2: The dash box and text “The 24LCS41A and ... inside dash box.” are added by Microchip Technology, Inc. 
3: Vsync signal is normally used to derive a signal for VCLK pin on the 24LCS41A. 
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3.0 BI-DIRECTIONAL BUS 
CHARACTERISTICS 


Characteristics for the Bi-directional bus are identical 
for both the DDC Monitor Port (in Bi-directional Mode) 
and the Microcontroller Access Port The following bus 
protocol has been defined: 


e Data transfer may be initiated only when the bus 
is not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (Figure 3-1). 


3.1 Bus Not B A 


Both data and clock lines remain HIGH. 


3.2 Start Data Transfer (B) 


A HIGH to LOW transition of the DSDA or MSDA line 
while the clock (DSCL or MSCL) is HIGH determines a 
START condition. All commands must be preceded by 
a START condition. 


3.3 Stop Data Transfer (C) 


A LOW to HIGH transition of the DSDA or MSDA line 
while the clock (DSCL or MSCL) is HIGH determines a 
STOP condition. All operations must be ended with a 
STOP condition. 


3.4 Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
eight will be stored when doing a write operation. When 
an overwrite does occur, it will replace data in a first in 
first out fashion. 


3.5 Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

N he microcontroll h 





The device that acknowledges has to pull down the 
DSDA or MSDA line during the acknowledge clock 
pulse in such a way that the DSDA or MSDA line is sta- 
ble LOW during the HIGH period of the acknowledge 
related clock pulse. Of course, setup and hold times 
must be taken into account. A master must signal an 
end of data to the slave by not generating an acknowl- 
edge bit on the last byte that has been clocked out of 
the slave. In this case, the slave must leave the data 
line HIGH to enable the master to generate the STOP 
condition. 


3.6 vice Addressin 


A control byte is the first byte received following the 
start condition from the master device. The first part of 
the control byte consists of a 4-bit control code. This 
control code is set as 1010 for both read and write 
operations and is the same for both the DDC Monitor 
Port and Microcontroller Access Port. The next three 
bits of the control byte are block select bits (B1, B2, and 
BO). Ail three of these bits are zero for the DDC Monitor 
Port. The B2 and B1 bits are don't care bits for the 
Microcontroller Access Port, and the BO bit is used by 
the Microcontroller Access Port to select which of the 
two 256 word blocks of memory are to be accessed 
(Figure 3-4). The BO bit is effectively the most signifi- 
cant bit of the word address. The last bit of the control 
byte defines the operation to be performed. When set 
to one, a read operation is selected; when set to zero, 
a write operation is selected. Following the start condi- 
tion, the device monitors the DSDA or MSDA bus 
checking the device type identifier being transmitted, 
upon a 1010 code the slave device outputs an acknowl- 
edge signal on the SDA line. Depending on the state of 
the R/W bit, the device will select a read or a write oper- 
ation. The DDC Monitor Port and Microcontroller 
Access Port can be accessed simultaneously because 
they are completely independent of one another. 


Control Code | Chip Select RAW 


Read 1010 B1iB2B0 
Write 1010 BiB2BO 
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FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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FIGURE 3-4: CONTROL BYTE ALLOCATION 
READ/WRITE 
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BO, B1, and B2 are zeros for DDC Monitor Port. B1 
and B2 are don’t care bits for the Microcontroller 
Access Port, and BO is used to select which of the 
two 256 word blocks of memory are to be accessed. 


STOP 
CONDITION 
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4.0 WRITE OPERATION 


Write operations are identical for the DDC Monitor Port 
(when in Bi-directional Mode) and the Microcontroller 
Access Port, with the exception of the VCLK and DWP 
pins noted in the next sections. Data can be written 
using either a byte write or page write command. Write 
commands for the DDC Monitor Port and the Microcon- 
troller Access Port are completely independent of one 
another. 


4.1 Byte Write 


Following the start signal from the master, the slave 
address (4-bits), the chip select bits (3-bits) and the 
R/W bit which is a logic low is placed onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will fol- 
low after it has generated an acknowledge bit during 
the ninth clock cycle. Therefore, the next byte transmit- 
ted by the master is the word address and will be writ- 
ten into the address pointer of the port. After receiving 
another acknowledge signal from the port, the master 
device will transmit the data word to be written into the 
addressed memory location. The port acknowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time, 
the port will not generate acknowledge signals 
(Figure 4-1). 


For the DDC Monitor Port it is required that VCLK be 
held at a logic high level in order to program the device. 
This applies to byte write and page write operation. 
Note that VCLK can go low while the device is in its 
self-timed program operation and not affect program- 
ming. The DWP pin must be held high for the duration 
of the write protection. 





FIGURE 4-1: 


BYTE WRITE 





BUS ACTIVITY T R 
MASTER A Sarl : 
T 


oi eae, 


BUS ACTIVITY : 


VCLK 


4.2 Page Write 


The write control byte, word address, and the first data 
byte are transmitted to the port in the same way as ina 
byte write. But, instead of generating a stop condition, 
the master transmits up to eight data bytes to the DDC 
Monitor Port or 16 bytes to the Microcontroller Access 
Port, which are temporarily stored in the on-chip page 
buffer and will be written into the memory after the mas- 
ter has transmitted a stop condition. After the receipt of 
each word, the three lower order address pointer bits 
are internally incremented by one. The higher order 5- 
bits of the word address remains constant. If the master 
should transmit more than eight words to the DDC 
Monitor Port or 16 words to the Microcontroller Access 
Port prior to generating the stop condition, the address 
counter will roll over and the previously received data 
will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin (Figure 4-2). 


For the DDC Monitor Port, it is required thatVCLK be 
held at a logic high level in order to program the device. 
This applies to byte write and page write operation. 
Note that VCLK can go low while the device is in its 
self-timed program operation and not affect program- 
ming. For the DDC Monitor Port, the DWP pin must be 
held high for the duration of the write cycle. 
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FIGURE 4-2: PAGE WRITE | 
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FIGURE 4-3: VCLK WRITE ENABLE TIMING 
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5.0 ACKNOWLEDGE POLLING FIGURE 5-1: ACKNOWLEDGE POLLING 


Acknowledge polling can be done for both the DDC FLOW 


Monitor Port (when in Bi-directional Mode) and the 


Microcontroller Access Port. Send 


Write Command 
Since the port will not acknowledge during a write 


cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize but | Send Stop 
throughput). Once the stop condition for a write com- _ Condition to 
mand has been issued from the master, the device ini- Initiate Write Cycle 
tiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte 
for a write command (R/W=0). If the device is still busy 
with the write cycle, then no ACK will be returned. If the 
cycle is complete, then the device will return the ACK 
and the master can then proceed with the next read or 
write command. See Figure 5-1 for the flow diagram. 


YES 
Next 
Operation 
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6.0 WRITE PROTECTION 
6.1 DDC Monitor Port 


When using the DDC Monitor Port in the Bi-directional 
Mode, the VCLK pin operates as the write protect con- 
trol pin. Setting VCLK high allows normal write opera- 
tions, while setting VCLK low prevents writing to any 
location in the array. Connecting the VCLK pin to Vss 
would allow the monitor port to operate as a serial 
ROM, although this configuration would prevent using 
the device in the Transmit-Only Mode. 


Additionally, the DWP pin performs a flexible write pro- 
tect function. The port contains a write-protection 
control fuse whose factory default state is cleared. 
Writing any data to address 7Fh (normally the 


checksum in DDC applications) sets the fuse which — 


enables the DWP pin. Until this fuse is set, the monitor 
portis always write enabled (if VCLK = 1). After the fuse 
is set, the write capability of the 24LCS41A is deter- 
mined by DWP (Table 6-1). 


TABLE 6-1: WRITE PROTECT TRUTH 
TABLE 


Add. 7Fh 
Written 


X Read Only 


eee ee 
| No | RW 
e 


Ss 
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7.0 READ OPERATION 


Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read 
and sequential read. These operations are identical for 
both the DDC Monitor Port (in Bi-directional Mode) and 
the Microcontroller Access Port and are completely 
independent of one another. 


7.1 Current Address Read 


The port contains an address counter that maintains 
the address of the last word accessed, internally incre- 
mented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit set to one, the port issues an acknowledge 
and transmits the 8-bit data word. The master will not 
acknowledge the transfer but does generate a stop 
condition and the port discontinues transmission 
(Figure 7-1). 


7.2 Random Read 


Random read operations allow the master to access 
any memory location in a random manner. To perform 
this type of read operation, first the word address must 
be set. This is done by sending the word address to the 
port as part of a write operation. After the word address 
is sent, the master generates a start condition following 
the acknowledge. This terminates the write operation, 
but not before the internal address pointer is set. The 
master then issues the control byte again, but with 
the R/W bit set to a one. The port then issues an 
acknowledge and transmits the 8-bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the port discontinues trans- 
mission (Figure 7-2). 


7.3 Sequential Read 


Sequential reads are initiated in the same way as a ran- 
dom .read except that after the port transmits the first 
data byte, and the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the port to transmit the next sequentially 
addressed 8-bit word (Figure 7-3). 

To provide sequential reads, the port contains an inter- 
nal address pointer, which is incremented by one at the 
completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 
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7.4 Noise Protection . The VCLK, DSCL, MSCL, DSDA, and MSDA inputs 

have Schmitt trigger and filter circuits which suppress 
Both the DDC Monitor Port and Microcontroller Access noise spikes to assure proper device operation even on 
Port employ a Vcc threshold detector circuit which dis- a noisy bus. 


ables the internal erase/write logic, if the Vcc is below 
1.5 volts at nominal conditions. 


FIGURE 7-1: CURRENT ADDRESS READ 
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FIGURE 7-2: RANDOM READ 
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FIGURE 7-3: SEQUENTIAL READ 
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8.0 PIN DESCRIPTIONS 
8.1 DSDA 


This pin is used to transfer addresses and data into and 
out of the DDC Monitor Port, when the device is in the 
Bi-directional Mode. In the Transmit-Only Mode, which 
only allows data to be read from the device, data is also 
transferred on the DSDA pin. This pin is an open drain 
terminal, therefore the DSDA bus requires a pullup 
resistor to VCC (typical 10KQ for 100 kHz, 2KQ for 400 
KHz). 


For normal data transfer in the Bi-directional Mode, 
DSDA is allowed to change only during DSCL or MSDA 
low. Changes during DSCL high are reserved for indi- 
cating the START and STOP conditions. 


8.2 DSCL 


This pin is the clock input for the DDC Monitor Port 
while in the Bi-directional Mode, and is used to syn- 
chronize data transfer to and from the device. It is also 
used as the signaling input to switch the device from 
the Transmit-Only Mode to the Bi-directional Mode. It 
must remain high for the chip to continue operation in 
the Transmit-Only Mode. 


8.3 VCLK 
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This pin is the clock input for the DDC Monitor Port 
while in the Transmit-Only Mode. In the Transmit-Only 
Mode, each bit is clocked out on the rising edge of this 
signal. In the Bi-directional Mode, a high logic level is 
required on this pin to enable write capability. 

8.4 DWP 








This pin is used for flexible write protection of the DDC 
Monitor Port. When the last memory location (7Fh) is 
written with any data, this pin is enabled and deter- 
mines the write capability of the DDC port. 


The DWP pin has an internal pull up resistor which will 
allow write capability (assuming VCLK = 1) at all times 
if this pin is floated. 


8.5 MSCL 


This pin is the clock input for the Microcontroller Access 
Port, and is used to synchronize data transfer to and 
from the device. 


8.6 §MSDA 


This pin is used to transfer addresses and data into and 
out of the Microcontroller Access Port. This pin is an 
open drain terminal, therefore the MSDA bus requires 
a pullup resistor to Vcc (typical 10 KQ for 100 kHz, 
2 KQ for 400 kHz). 


MSDA is allowed to change only during MSCL low. 
Changes during MSCL high are reserved for indicating 
the START and STOP conditions. 





© 1998 Microchip Technology Inc. DS21 175B-page 6-103 





24LCS41A 





24LCS41A Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


24LCS41A - Ip 


[eee Package: P = Plastic DIP (300 mil), 8-lead 


Temperature Blank = 0°C to +70°C 


Range: I = -40°C to +85°C 


Device: 24LCS41A Dual Mode, Dual Port IC Serial EEPROM 





Sales and Support 


Data Sheets 
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom- 
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip Worldwide Web Site (www.microchip.com) 
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MICROCHIP 
SECTION 7 
PARALLEL EEPROM 
PRODUCT SPECIFICATIONS 
28C04A 4K (512:%:8) CMOS EEPROM ssc sesincctins.csacanctadesassaesaaciocaasacnnaneceanenteatini a Weecauet 7-1 
28C16A 16K (2K X 8) CMOS EEPROM .u..eeecccecccescscececcecececcecscsccsecerscseecaceacaceccevscaveceares 7-9 
28C17A 16K (2K x 8) CMOS EEPROM uuu... .ccccccccecescssececeecccscscscscececscscseseececseeecacaeereaceees 7-17 
28C64A 64K (8K x 8) CMOS EEPROM uuu... cseccececceccesecesceccecsceceersceeseesescecesccecersateaseneas 7-25 
28LV64A 64K (8K x 8) Low Voltage CMOS EEPROM ..............::scccscccesesssreceeceeeeseseseeseeeaeeas 7-33 
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NiIcROCHIP 28C04A 


4K (512 x 8) CMOS EEPROM 








FEATURES PACKAGE TYPES 


Fast Read Access Time—150 ns 

¢ CMOS Technology for Low Power Dissipation 
- 30 mA Active 

- 100 pA Standby 

Fast Byte Write Time—200 us or 1 ms 

Data Retention >200 years 

Endurance - Minimum 10* Erase/Write Cycles 
- Automatic Write Operation 

- Internal Control Timer 

- Auto-Clear Before Write Operation 

- On-Chip Address and Data Latches 

Data Polling 

Chip Clear Operation 

Enhanced Data Protection 

- Vcc Detector 

- Pulse Filter 

- Write Inhibit 

¢ 5-Volt-Only Operation 

¢ Organized 512x8 JEDEC standard pinout 

- 24-pin Dual-In-Line Package 

- 32-pin PLCC Package 

Available for Extended Temperature Ranges: 
- Commercial: 0°C to +70°C 
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- Industrial: -40°C to +85°C 2 5 
DESCRIPTION 9 > 
The Microchip Technology Inc. 28C04A is a CMOS 4K 
non-volatile electrically Erasable and Programmable = sneered 
Read Only Memory (EEPROM). The 28C04A is ae Output Enable 
accessed like a static RAM for the read or write cycles bis ce 
without the need of external components. During a ion 


“byte write”, the address and data are latched inter- 
nally, freeing the microprocessor address and data bus 
for other operations. Following the initiation of write 
cycle, the device will go to a busy state and automati- 
cally clear and write the latched data using an internal 
control timer. To determine when a write cycle is com- 
plete, the 28C04A uses Data polling. Data polling 
allows the user to read the location last written to when 
the write operation is complete. CMOS design and pro- 
cessing enables this part to be used in systems where 
reduced power consumption and _ reliability are 
required. A complete family of packages is offered to 
provide the utmost flexibility in applications. 


> 


Cell Matrix 


pewrwwrwewe = = = 


foe) 








© 1998 Microchip Technology Inc. DS11126G-page 7-1 





28C04A 





1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: | PIN FUNCTION TABLE 
1.1 MAXIMUM RATINGS* 
Vcc and input voltages w.r.t. VSs........ -0.6V to + 6.25V Address Inputs 
Voltage on OE Wart. VSS... eecseesseeeees -0.6V to +13.5V | Chip Enable 
Output Voltage wrt. VSS... eee -0.6V to Vec+0.6V Output Enable 
Storage temperature ...........eeesseeeeees -65°C to +125°C 

be ‘ | Write Enable 
Ambient temp. with power applied........ -50°C to +95°C 
*Notice: Stresses above those listed under “Maximum Ratings” Data Inputs/Outputs 
may cause permanent damage to the device. This is a stress rat- +5V Power Supply 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of Ground 
this specification is not implied. Exposure to maximum rating con- 


ditions for extended periods may affect device reliability. No Connect; No Internal Connection 


Not Used; No External Connection is 
Allowed 





TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTICS 









Voc = +5V +10% 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (l): Tamb = -40°C to +85°C 


_erameter | Statue | symbol | min | wax [unis] Conditions 
Input Voltages Logic ‘1’ VIH 2.0 | Vcc+1 
Logic ‘0’ VIL -0.1 0.8 

Iu 


Input Leakage uA | VIN=-0.1V to Vcc+1 


Input Capacitance CIN 10 pF | VIN = OV; Tamb = 25°C; 
f= 1 MHz 
Output Voltages Logic ‘1’ VOH 2.4 IOH = -400 pA 
Logic ‘0’ VOL 0.45 


lol =2.1 mA 
Output Leakage 


10 uA | Vout =-0.1V To Voc + 0.1V 


| Output Capacitance CouT | 12 | pF | Vin=0V; TAMB = 25°C; | 
f= 1 MHz 


mA |f=5 MHz (Note 1) 

Vcc = 5.5V ; 
TTL input 
TTL input 























Bi<< 








Bi<< 


8 
(oe) 












Icc(S)TTL 
Icc(S)TTL 


CE = VIH (0°C to +70°C) 
CE = VIH (-40°C to +85°C) 
CE = Vcc-0.3 to Vec+1 

OE =Vcc 

Ail inputs equal Vcc or Vss 







Note 1: AC power supply current above 5 MHz; 1 mA/MHz. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 
















AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; VOH = 2.0V; VOL = 0.8V 
Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 ns 

Ambient Temperature: Commercial (C): Tamb 
Industrial ry Tamb 


0°C to +70°C 
-40°C to +85°C 





Address to Output Delay See ons |OE=CE=Vn CE =Vi 
TE wouptdowy | we | | wo] poof aoe Ove 
a A 
TE WOE Hh Ouparca [wr | 0 [oo |e | 0 


Output Hold from Address, CE 
or OE, whichever occurs first 
1M oe 25°C, Vcc = 
5.0V, Block 
Mode (Note) 


Note: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific applica- 
tion, please consult the Total Endurance Model which can be obtained on our BBS or website. 


FIGURE 1-1: READ WAVEFORMS 










VIH 
Address Address Valid 


VIL 


VIH 


VIL 


VIH 


VIL tOFF(1,3) 
tOH 


VOH 
7 | AN\\K, High Z 
Valid Out 
VoL | Val Outpu 


VIH 
WE 


Vit 


Notes: (1) toFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tceE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested 
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TABLE 1-4: BYTE WRITE AC CHARACTERISTICS 


AC Testing Waveform: * VIH = 2.4V; VIL = 0.45V; VOH = 2.0V; VOL = 0.8V 

Output Load: 1 TTL Load + 100 pF 

input Rise/Fall Times: 20 nsec 

Ambient Temperature: Commercial (C): Tamb= 0°C to 70°C 
Industrial (l): Tamb= -40°C to 85°C 


Address Set-Up Time 10 
tAH 


0.5 ms typical 
100 ps typical 


Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the pos- 
itive edge of CE or WE, whichever occurs first. 
2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until tbH after 
the positive edge of WE or CE, whichever occurs first. 


FIGURE 1-2: PROGRAMMING WAVEFORMS 





Address 


CE, WE 


Data In 
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FIGURE 1-3: DATA POLLING WAVEFORMS 


VIH ; , 
. Last Written 


ViL 


tacc |< 
VIH —a— {CE 
cE NA SILL LL.“ 
VIL MA 
t WPH 
<> 
ae ViH <— tWPL—> RQ SV 
VIL 
tOE —<_|— 


| | 
__ Vv 
OE KQQOWW 
tDvV 


twe 





FIGURE 1-4: CHIP CLEAR WAVEFORMS 


tw = 10ms 
tS =tH = 1s 
VH = 12.0V +0.5V 
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2.0 DEVICE OPERATION | 


The Microchip Technology Inc. 28CO4A has four basic 
modes of operation—read, standby, write inhibit, and 
‘byte write—as outlined in the following table. 


Operation 
Ro eed 


X 
X 


iss [ | x] xn 


witeint [x |u| x [wiohz 
[wren [x |x |W [Hinz 
erewie |. [| | ow 


Byte Clear 
X = Any TTL level. 


Automatic Before Each “Write” 


2.1 Read Mode 


The 28C04A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
‘should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tCE). 
Data is available at the output tOE after the falling edge 
of OE, assuming that CE has been low and addresses 
have been stable for at least tacc-toE. 


2.2 Standby Mode 


The 28C04A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde- 
pendent of the OE input. 


2.3 Data Protection 


In order to ensure data integrity, especially during criti- 
cal power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation 
when Vcc is less than the Vcc detect circuit trip. 


Second, there is aWE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (VCC). 





2.4. Write Mode 


The 28C04A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and initi- 
ated by a low going pulse on the WE pin. On the falling 
edge of WE, the address information is latched. On ris- 
ing edge, the data and the control pins (CE and OE) are 
latched. 


2.5. Data Polling 


The 28C04A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the 
data complement of 1/07 (I/O0 to I/O6 are indetermin- 
able). After completion of the write cycle, true data is 
available. Data polling allows a simple read/compare 
operation to determine the status of the chip eliminat- 
ing the need for external hardware. 


2.6 Chip Clear 


All data may be cleared to 1's ina chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data. 


SE TE REPT AA TP I TEND ET SS a SS SES BES ISS PS IP I I SPN TT EELS TER ES BO TE EE EE ET I a SE TEA SE IIE ETE ED EE EOE TE ETE 
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28C04A Product Identification System 








To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 


sales offices. 


28CO4A F T - 


Pp 
Package: L 
Ly L 


Temperature Blank 
Range: I 


Access Time: 15 
20 
25 


Shipping: sage 


Option: Blank 
F 


| Device: 28C04A 


Plastic Leaded Chip Carrier (PLCC) 
Plastic DIP (600mill) 


0°C to +70°C 
-40°C to +85°C 


150 ns 
200 ns 
250 ns 


Tube 
Tape and Reel “L’ only 


twe = 1ms 
twe = 200 us 


512 x 8 CMOS EEPROM 
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MICROCHIP 28C1 6A 


16K (2K x 8) CMOS EEPROM 








FEATURES PACKAGE TYPES 


Fast Read Access Time—i50 ns 

CMOS Technology for Low Power Dissipation 
- 30 mA Active 

- 100 pA Standby 

Fast Byte Write Time—200 us or 1 ms 

Data Retention >200 years 

High Endurance - Minimum 10* Erase/Write Cycles 
Automatic Write Operation 

- Internal Control Timer 

- Auto-Clear Before Write Operation 

- On-Chip Address and Data Latches 

Data polling 

Chip Clear Operation 

Enhanced Data Protection 

- Vcc Detector 

- Pulse Filter 

- Write Inhibit 

Electronic Signature for Device Identification 
5-Volt-Only Operation 

Organized 2Kx8 JEDEC Standard Pinout 
24-pin Dual-In-Line Package 

32-pin PLCC Package 

28-pin Thin Smail Outline Package (TSOP) 
8x20mm 

¢ 28-pin Very Small Outline Package (VSOP) 
8x13.4mm 

Available for Extended Temperature Ranges: 
- Commercial: 0°C to +70°C 

- Industrial: -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 28C16A is a CMOS 16K 
non-volatile electrically Erasable PROM. The 28C16A 


eo ® ee ¢ ® e 


e 


WOdds4s 
Joy[esed 





is accessed like a static RAM for the read or write Data Protection 
: Circuitry 
cycles without the need of external components. Dur- ae Chip Enable/ 
ing a “byte write”, the address and data are latched = ees loge. 
internally, freeing the microprocessor address and data — 
‘ ‘ PRE Oreae ; Auto Erase/Write {{ Data 
bus for other operations. Following the initiation of write 


cycle, the device will go to a busy state and automati- 
cally clear and write the latched data using an internal 
control timer. To determine when a write cycle is com- 
plete, the 28C16A uses Data polling. Data polling 
allows the user to read the location last written to when 
the write operation is complete. CMOS design and pro- 
cessing enables this part to be used in systems where | X 16K bit 
reduced power consumption and reliability are Cell Matrix 
required. A complete family of packages is offered to 
provide the utmost flexibility in applications. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
1.1 MAXIMUM RATINGS* 


Vcc and input voltages w.r.t. VSS .......-0.6V to + 6.25V © 


Address Inputs 


Voltage on OE W.rt. VSS... cece ...°0.6V to +13.5V Chip Enable 
Voltage on AQ W. rt. VSS... eeeceeeeeeaes -0.6V to +13.5V 

Output Enable 
Output Voltage W.rt. VSS... -0.6V to Vcc+0.6V ene 
Storage temperature ............ccceseceees -65°C to +125°C pieengee 
Ambient temp. with power applied........ -50°C to +95°C Data Inputs/Outputs 
*Notice: Stresses above those listed under “Maximum Ratings” +5V Power Supply 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any Ground 


other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con- 
ditions for extended periods may affect device reliability. Not Used; No External Connection is 


Allowed 


No Connect; No Internal Connection 





TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTICS 













Vcc = +5V +10% 
Commercial (C): Tamb= O°C to +70°C 
Industrial (I): Tamb= -40°C to +85°C 





‘inputVoltages tCt«~C~*” Voltages Regios” | ls vn Vcec+1 
= ‘0; Vit 0.8 
Input jInputLeakage Cee VIN = -0.1V to VCc+1 


Input Capacitance VIN = OV; Tamb = 25°C; 
f= 1 MHz 
Output Voltages Logic ‘1’ VOH IOH = -400uA 
Logic ‘0’ VOL loL = 2.1 mA 


a ee ce 


Output Capacitance CouT VIN = OV; Tamb = 25°C; 
f = 1 MHz 

Power Supply Current, TTL input Icc mA jf =5 MHz (Note 1) 

Active Vcc = 5.5V; 


Power Supply Current, TTL input Icc(S)TTL mA |CE=VIH(0'C to +70°C) 
Standby TTL input ICC(S)TTL mA 
CMOS input | Icc(s)cmMos LA 


CE = VIH (-40°C to +85°C) 
Note 1: AC power supply current above 5 MHz; 1 mA/MHz. 

























CE = Vcc-0.3 to Vec+1 
OE = Vcc 
Other inputs equal Voc or VSS 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 


AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; VOH = 2.0V; Vol = 0.8V 

Output Load: : 1 TTL Load + 100pF 

Input Rise and Fall Times: 20 ns 

Ambient Temperature: Commercial (C): Tamb 0°C to +70°0°C 
Industrial (I): = Tamb -40°C to +85°C 





Address to Output Delay | ace | — | 150 | — | 200 | — | 


[Ete oupaceey | we | — | 190) — | ooo | — 


5.0V, Block 
Mode (Note) 





Note: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our BBS or website. 


FIGURE 1-1: READ WAVEFORMS 


VIH 
Address 


VIL 


VIH 


VIL 


VIH 


VIL tOFF(1,3) 
tOH 


VOH 
Vo cK ee _ WN 


VIH 
WE 


VIL 


Notes: (1) toFFis specified for OE or CE, whichever occurs first = =__ 
(2) OE may be delayed up to tce - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested 
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TABLE 1-4: BYTE WRITE AC CHARACTERISTICS 


AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; VOH = 2.0V; VoL = 0.8V 
Output Load: 1 TTL Load + 100 pF 
Input Rise/Fall Times: 20 ns 
Ambient Temperature: Commercial (C): | Tamb 0°C to +70°C 
| Industrial = (i): + Tamb -40°C to +85°C 





Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the pos- 
itive edge of CE or WE, whichever occurs first. 
2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until toH 
after the positive edge of WE or CE, whichever occurs first. 


FIGURE 1-2: PROGRAMMING WAVEFORMS 


Address 


tAS@| }~<«————_ tAH 
CE, WE << twPL_ ———__> 


tDH 


: <p 
- ae: 
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FIGURE 1-3: DATA POLLING WAVEFORMS 


VIH - 
; Last Written 


—& | tacc |~= 


VIH 


ae <« tcE —> 
Vit 


tWPH 


VIH | 
WE ae. <e— twPL— FAY 
VIL 


toe ~<q— 


‘a7 


—e| tov <q 
VIH 


Data In —— 


twe 





FIGURE 1-4: CHIP CLEAR WAVEFORMS 


tw = 10ms 
ts =tH = 1ps 
VH = 12.0V +0.5V 


m 
~ 
m 

so 
po 
ory 
— 





TABLE 1-5: SUPPLEMENTARY CONTROL 





a A 


Note 1: VH = 12.0V+0.5V * Pulsed per programming waveforms. 
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2.0 DEVICE OPERATION 


The Microchip Technology Inc. 28C16A has four basic 


modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


Operation | 
jomemton | ce | oe [we] 


Peas] t | ct | HY] Dow 
stencoy | H |x | x | Wonz 
weteinnbt | # | x | x | Honz 
Write Inhibit x 
anewne | t | HL | ow 
Byte Clear Automatic Before Each “Write” 


X = Any TTL level. 

















2.1 Read Mode 


The 28C16A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tce). 
Data is available at the output toe after the falling edge 


of OE, assuming that CE has been low and addresses - 


have been stable for at least tacc-toE. 


2.2 Standby Mode 


The 28C16A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde- 
pendent of the OE input. 


2.3 Data Protection 


In order to ensure data integrity, especially during criti- 
cal power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation 
when Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 


pulses of less than 10 ns duration from initiating a write 
cycle. . 


Third, holding WE or CE high or OE low, inhibits a write — 


cycle during power-on and power-off (Vcc). 


2.4 Write Mode 


The 28C16A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and ini- 
tiated by a low going pulse on the WE pin. On the fall- 
ing edge of WE, the address information is latched. On 
rising edge, the data and the control pins (CE and OE) 
are latched. 


2.5 Data Pollin 


The 28C16A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the 
data complement of 1/07 (I/O0 to I/O6 are indetermin- 
able). After completion of the write cycle, true data is 
available. Data polling allows a simple read/compare 
operation to determine the status of the chip eliminat- 
ing the need for external hardware. 


2.6 Electronic Signature for Device 
Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 


2.7 Chip Clear 


All data may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE 
low. This procedure clears all data, except for the extra 
row. 
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28C16A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


28C16A F T — 15 | /P 





Package: L = Plastic Leaded Chip Carrier (PLCC) 
P = Plastic DIP (600 mil) 
TS = Thin Small Outline Package (TSOP) 8x20mm 
VS = Very Small Outline Package (VSOP) 8x13.4mm 


Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 


Access Time: 15 150ns 
20 200ns 
25 250ns 


Shipping: Blank Tube 
T Tape and Reel “L’ only 


Option: Blank = twc = 1ms 
F = twc= 200 us 


Device: 28C16A 2K x8 CMOS EEPROM 
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NicROCHIP 28C1 7A 


16K (2K x 8) CMOS EEPROM 








FEATURES PACKAGE TYPES 
¢ Fast Read Access Time—150 ns ADv/BSey Cle: 
¢ CMOS Technology for Low Power Dissipation 

- 30 mA Active 

- 100 pA Standby 


e Fast Byte Write Time—200 us or 1 ms 
¢ Data Retention >200 years 
¢ High Endurance - Minimum 10* Erase/Write Cycles 
¢ Automatic Write Operation 
- Internal Control Timer 
- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 
¢ Data Polling; Ready/Busy 
¢ Chip Clear Operation 
¢ Enhanced Data Protection 
- Vcc Detector 
- Pulse Filter 
- Write Inhibit 
¢ Electronic Signature for Device Identification 
¢ 5-Volt-Only Operation 
¢ Organized 2Kx8 JEDEC Standard Pinout 
- 28 Pin Dual-In-Line Package 
- 32-Pin PLCC Package 
- 28-Pin Thin Small Outline Package (TSOP) 


9 
zB 
© 
O 


8x20mm 
- 28-Pin Very Small Outline Package (VSOP) 
8x13.4mm RDVNSY 
¢ Available for Extended Temperature Ranges: pe ITI v 
- Commercial: 0°C to +70°C AG IM 45 
- Industrial: -40°C to +85°C oa A 9) 
A3 — 
DESCRIPTION eo 


The Microchip Technology Inc. 28C17A is a CMOS 16K non- 
volatile electrically Erasable PROM. The 28C17A _ is 
accessed like a static RAM for the read or write cycles without 


the need of.external components. During a “byte write”, the 
address and data are latched internally, freeing the micropro- chp Eras ; 
cessor address and data bus for other operations. Following ae Output Enable 


Control Logic 


Auto Erase/Write 
Timing 


the initiation of write cycle, the device will go to a busy state 
and automatically clear and write the latched data using an 
internal control timer. To determine when the write cycle is 
complete, the user has a choice of monitoring the Ready/ 
Busy output or using Data polling. The Ready/Busy pin is an 
open drain output, which allows easy configuration in wired- 
or systems. Alternatively, Data polling allows the user to read 
the location last written to when the write operation is com- 
plete. CMOS design and processing enables this part to be 
used in systems where reduced power consumption and reli- oe 
ability are required. A complete family of packages is offered 
to provide the utmost flexibility in applications. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
1.1 MAXIMUM RATINGS* 
Vcc and input voltages w.r.t. VSS ....... -0.6V to + 6.25V - | Address Inputs 
Voltage on OE W.rt. VSS... eee v0. °.6V to +13.5V . Chip Enable 
Voltage on AQ W.r.t. VSS... escesseeeees -0.6V to +13.5V Output Enable 
Output Voltage w.r.t. VSS... eee -0.6V to Vcc+0.6V 

: 9 ‘ Write Enable 
Storage temperature ........... cc cesseeceees -65°C to +125°C 
Ambient temp. with power applied........ -50°C to +95°C EE TOE panes 
*Notice: Stresses above those listed under “Maximum Ratings” RDY/Busy Ready/Busy 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any +5V Power Supply 
other conditions above those indicated in the operation listings of Ground 
this specification is not implied. Exposure to maximum rating con- 


ditions for extended periods may affect device reliability. . No Connect; No Internal Connec- 
tion 


Not Used; No External Connection 
is Allowed 





TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTICS 


Vcc = +5V +10% 
Commercial (C): Tamb = 0°C to +70°C 
Industrial _—_ (I): Tamb = -40°C to +85°C 


inputVoltages tS Voltages Logie? a VN 2.0 Vec+1 
Logic ‘0’ VIL Par 1 oe 8 
Input Leakage Poe ft a VIN=-0.1VtoVec+1 | = -0.1V to Vcc +1 


Input Capacitance VIN = OV; Tamb = 25°C; 
f= 1 MHz 

Output Voltages Logic ‘1’ VOH | 24 | IOH = -400 pA 

Logic ‘0’ VOL 0.45 : lol = 2.1 mA 

Output Leakage ILO uA | VouT = -0.1V to Vcc 
+0.1V 

Output Capacitance COUT 12 pF | VIN=OV; Tamb = 25°C; 
f= 1 MHz 

Power Supply Current, Active TTL input mA |f=5 MHz (Note 1) 
Vcc = 5.5V; 


Power Supply Current, Standby | TTL input ICC(S)TTL CE = VIH (0°C to +70°C) 
TTLinput | Icc(s)TTL CE = VIH (-40°C to +85°C) 
CMOS input | Icc(s)cmos CE = Vcc-0.3 to Vcc +1 
? OE = Vcc 
All other inputs equal Vcc 
or VSS 





Note 1: AC power supply current above 5MHz: 1mA/MHz. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 








AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; VOH = 2.0V; VOL = 0.8V 









Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 20 ns | 

Ambient Temperature: Commercial (C): Tamb = 0°C to +70°C 
: Industrial aia Tamb = -40°C to +85°C 











} 28ci7A15 | 28C17A-20 | 2aci7A-25. | 
Parameter 


‘Address to Output Delay __ to Output Deiay tACG | = | 250 | ns | | — | 250 | ns [OE-CE-vu | CE=Vii | 


eSeoweme [= [= ffs tet em 


OE to 'OE to Output Delay | Delay | 100 | 7 = VIL 


CE or OE High to Output ee 70 
Float 

Output Hold from Address, 

CE or OE, whichever occurs 

first. 

a 25°C, Vcc = 

5.0V, Block 
Mode (Note) 














Note: This parameter is not tested but guaranteed by characterization. For endurance estimates ina specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our BBS or website. 


FIGURE 1-1: READ WAVEFORMS 


| VIH 
Address | Address Valid e 


VIL 


VIL 

VIH 

‘ ifs all 7 

VOH : . 
_— Cl moma Fp al 


m 
m2 
> 2 
ype 
Od 
= 





MLN 


VoL ANN 
tacc 
VIH 


VOL 


Notes: (1) torr is specified for OE or CE, whichever occurs first = 
(2) OE may be delayed up to tceE - toE after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested 
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© 1998 Microchip Technology Inc. DS11127H-page 7-19 





28C17A 





TABLE 1-4: BYTE WRITE AC CHARACTERISTICS — 





AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; VOH = 2.0V; VoL = 0.8V 
Output Load: 1 TTL Load + 100 pF 











Input Rise/Fall Times: 20 ns’ 
Ambient Temperature: Commercial (C): Tamb = O°Cto+70°C 
Industrial (i): Tamb = -40°C to +85°C 
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Write Cycle Time (28C17AF) twc 100 us typical 


Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last: The data is latched on the pos- 
itive edge of CE or WE, whichever occurs first 
2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until toH after 
the positive edge of WE or CE, whichever occurs first. 


FIGURE 1-2: PROGRAMMING WAVEFORMS 
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FIGURE 1-3: DATA POLLING WAVEFORMS 
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FIGURE 1-4: CHIP CLEAR WAVEFORMS 


tw = 10ms 
ts =tH = 1s 
VH = 12.0V +0.5V 





TABLE 1-5: SUPPLEMENTARY CONTROL 








Note 1: VH = 12.0V +0.5V * Pulsed per programming waveforms. 
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2.0 DEVICE OPERATION 


The Microchip Technology Inc. 28C17A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


oar = | = 

ode 1 

a 
L 














arewae [LTH [L| ow] 1. 


Note 1: Open drain output. 
2: X=AnyTTL level. 








2.1 Read Mode 


The 28C17A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) equal to the delay from CE to output (tce). 
Data is available at the output toe after the falling edge 
of OE, assuming that CE has been low and addresses 
have been stable for at least tacc-toeE. 


2.2 Standby Mode 


The 28C17A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde- 
pendent of the OE input. 


2.3 Data Protection 


_ In order to ensure data integrity, especially during criti- 


cal power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation 
when Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (VCc). 


2.4 . Write Mode 


The 28C17A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and ini- 
tiated by a low going pulse on the WE pin. On the fall- 
ing edge of WE, the address information is latched. On 
rising edge, the data and the control pins (CE and OE) 
are latched. The Ready/Busy pin goes to a logic low 
level indicating that the 28C17A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C17A has completed writing and is ready 
to accept another cycle. 


2.5 Data Polling 


The 28C17A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the 
data complement of |/07 (1/00 to I/O6 are indetermin- 
able). After completion of the write cycle, true data is 
available. Data polling allows a simple read/compare 
operation to determine the status of the chip eliminat- 
ing the need for external hardware. 


2.6 Electronic Signature for Device 
Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 


2.7 Chip Clear 


All data may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 
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28C17A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 





28C17A F T — 15 I /P 


Plastic Leaded Chip Carrier (PLCC) 

Plastic DIP (600 mil) 

Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 0°C to +70°C 
Range: -40°C to +85°C 


Package: 


Access Time: 150 ns 
200 ns 
250 ns 


Shipping: Tube 
T Tape and Reel “L’ and “SO” 


Option: twc = 1ms 
F = twc=200us 


Device: 28C17A 2Kx8 CMOS EEPROM 
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64K (8K x 8) CMOS EEPROM 








FEATURES 


Fast Read Access Time—150 ns 

CMOS Technology for Low Power Dissipation 

- 30 mA Active 

- 100 pA Standby 

Fast Byte Write Time—200 us or 1 ms 

Data Retention >200 years 

High Endurance - Minimum 100,000 Erase/Write 

Cycles 

Automatic Write Operation 

- Internal Control Timer 

- Auto-Clear Before Write Operation 

- On-Chip Address and Data Latches 

Data Polling 

Ready/Busy 

Chip Clear Operation 

Enhanced Data Protection 

- Vcc Detector 

- Pulse Filter 

- Write Inhibit 

Electronic Signature for Device Identification 

5-Volt-Only Operation : 

Organized 8Kx8 JEDEC Standard Pinout 

- 28-pin Dual-In-Line Package 

- 32-pin PLCC Package 

- 28-pin Thin Small Outline Package (TSOP) 
8x20mm 

- 28-pin Very Small Outline Package (VSOP) 
8x13.4mm 

e Available for Extended Temperature Ranges: 

- Commercial: 0°C to +70°C 


- Industrial:  -40°C to +85°C 


DESCRIPTION 


The Microchip Technology inc. 28C64A is a CMOS 64K non- 
volatile electrically Erasable PROM. The 28C64A is 
accessed like a static RAM for the read or write cycles without 
the need of external components. During a “byte write’, the 
address and data are latched internally, freeing the micropro- 
cessor address and data bus for other operations. Following 
the initiation of write cycle, the device will go to a busy state 
and automatically clear and write the latched data using an 
internal control timer. To determine when the write cycle is 
complete, the user has a choice of monitoring the Ready/ 
Busy output or using Data polling. The Ready/Busy pin is an 
open drain output, which allows easy configuration in wired- 
or systems. Alternatively, Data polling allows the user to read 
the location last written to when the write operation is com- 
plete. CMOS design and processing enables this part to be 
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used in systems where reduced power consumption and reli- 
ability are required. A complete family of packages is offered 
to provide the utmost flexibility in applications. 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 
1.1 _-MAXIMUM RATINGS* 
Vcc and input voltages w.r.t. VSS ....... -0.6V to + 6.25V AO- Address Inputs 
Voltage on OF W.r.t. VSS... csesssseseeeeenees .-0.6V to +13.5V Chip Enable 
Voltage on AQ W. rt. VSS... ccceeeeeeeeees -0.6V to +13.5V Output Enable 
Output Voltage w.r.t. VSS......... eee -0.6V to VCC+0.6V 

‘ 3 : ave Write Enable 
Storage temperature .........eseeeeeeees -65°C to +125°C 
Ambient temp. with power applied........ -50°C to +95°C Oo | pete inpuloneds 
*Notice: Stresses above those listed under “Maximum Ratings” RDY/Busy | Ready/Busy 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any vec +5V Power Supply 
other conditions above those indicated in the operation listings of Vss Ground 
this specification is not implied. Exposure to maximum rating con- 


ditions for extended periods may affect device reliability. NC No Connect; No Internal Connection 


NU Not Used; No External Connection is 
Allowed 





TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTIC 











Vcc = +5V +10% 
Commercial (C): Tamb = 0°C to +70°C 
Industrial (Il): Tamb = -40°C to +85°C 


(—reemete [oie | Sm [ wn | wx [vats | contin 


Input Voltages Logic ‘1’ VIH Vec+1 V 
eens ‘0’ aoe xs ea 
Input inputLeakage c= VIN = -0.1V to VIN=-0.1VtoVec+1 | +1 


Input Capacitance VIN = OV; Tamb = 25°C; 
f = 1 MHz (Note 2) 
Output Voltages Logic ‘1’ VOH IOH = -400 LA 
a ‘0’ VOL 0.45 ener reg 2.1mA 
Output ]OutputLeakage eae - VouT = -0.1V to | Vout = -0.1V to Voc +0.1V | +0.1V 


Output Capacitance Cout VIN = OV; Tamb = 25°C; 
f = 1 MHz (Note 2) 

Power Supply Current, Active TTL input mA |f=5 MHz (Note 1) 
Vcc = 5.5V | 


Power Supply Current, Standby | TTL input ICC(S)TTL CE = VIH (0°C to +70°C) 
TTL input ICC(S)TTL aa 
CMOS input ICC(S)CMOS | pA 


CE = ViH (-40°C to +85°C) 
CE = Vcc-0.3 to Vec +1 
Note 1: AC power supply current above 5MHz: 2mA/MHz. 
2: Not 100% tested. 


































OE = WE = Vcc 
All other inputs equal Vcc 
or Vss 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 


AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; VOH = 2.0V; VOL = 0.8V 
Output Load: 1 TTL Load + 100 pF 


Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): | Tamb 0°C to +70°C 
Industrial (I): Tamb -40°C to +85°C 


28C64A-15 28C64A-20 28C64A-25 
Parameter Symbol 




















Address to Output Delay tACC — 150 — 


CE to Output Delay Pee | 
OE to Output Delay | toe | — | 
= 


| CE or OE High to Output Float 
Output Hold from Address, CE tOH 
or OE, whichever occurs first. 
1M cycles | 25°C, Vcc = 
7 5.0V, Block 
Mode (Note 2) 
Note 1: Not 100% tested. 


2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli- 
cation, please consult the Total Endurance Model which can be obtained on our BBS or website. 


FIGURE 1-1: READ WAVEFORMS 
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VOH | 
ee RA ic 
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Notes: (1) toFFis specified for OE or CE, whichever occurs first __ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested 
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TABLE 1-4: BYTE WRITE AC CHARACTERISTICS 










AC Testing Waveform: ViH = 2.4V; VIL = 0.45V; VOH = 2.0V; VoL = 0.8V 
‘Output Load: 1 TTL Load + 100 pF 
Input Rise/Fall Times: 20 ns 

Ambient Temperature: Commercial (C): Tam 
Industrial —(I): 






b = OCto+70°C 
b = -40°C to +85°C 










aa 

Address Hold Time } tan | 

Data Set-Up Time | tos | 

Data Hold Time } tH 

Write Pulse Width 
| twrH 


Write Pulse High Time tWPH 
OE Hold Time 


OE Set-Up Time | toes | 


Data Valid Time 


tAH 
tDH 
Time to Device Busy } oR 









10 
100 
50 
10 
10 


Write Cycle Time (28C64A) 
Write Cycle Time (28C64AF) 


0.5 ms typical 
us 100 is typical 


Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the pos- 
itive edge WE, whichever occurs first. 
2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until tbH after 
the positive edge of WE or CE, whichever occurs first. 


FIGURE 1-2: PROGRAMMING WAVEFORMS 
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FIGURE 1-3: DATA POLLING WAVEFORMS 
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FIGURE 1-4: CHIP CLEAR WAVEFORMS 


tw = 10ms 
ts =tH = 1us 
VH = 12.0V +0.5V 





TABLE 1-5: SUPPLEMENTARY CONTROL 
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Note: VH= 12.0V+0.5V. *Pulsed per programming waveforms. 





ESRI RIEE SE RD A a PI PEE EE ESE EE I DE SDE PS TESS EPI EE ITE BE ETE SE FI I EI RE EE I ERE TSE SOE I I TEI POE DT IEE DE TIE LS EIRP SRE SEDO OIE T IID EAE TEBE EID LATE GR SERED EOE OOO 


© 1998 Microchip Technology Inc. DS11109I-page 7-29 








28C64A_ 





2.0 DEVICE OPERATION 


The Microchip Technology Inc. 28C64A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


Operation Rdy/Busy 
H 










eas ft [tw our] 4 





Note 1: Open drain output. 
2: X= Any TTL level. 


2.1 Read Mode 


The 28C64A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (tACC) is equal to the delay from CE to output 
(tCE). Data is available at the output toe after the fall- 
ing edge of OE, assuming that CE has been low and 
addresses have been stable for at least tacC-tOE. 


2.2 Standby Mode 


The 28C64A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde- 
pendent of the OE input. 


2.3 Data Protection 


In order to ensure data integrity, especially during criti- 
cal power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation 
when Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


2.4 Write Mode 


The 28C64A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and ini- 
tiated by a low going pulse on the WE pin. On the fall- 
ing edge of WE, the address information is latched. On 
rising edge, the data and the control pins (CE and OE) 
are latched. The Ready/Busy pin goes to a logic low 
level indicating that the 28C64<A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C64A has completed writing and is ready 
to accept another cycle. 





2.5 Data Polling 


The 28C64A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an_ 
attempted read of the last byte written results in the 
data complement of 1/07 (1/O0 to I/O6 are indetermin- 
able). After completion of the write cycle, true data is’ 
available. Data polling allows a simple read/compare 
operation to determine the status of the chip eliminat- 
ing the need for external hardware. 


2.6 Electronic Signature for Device 
Identification | 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 1FEO to 
1FFF, the additional bytes can be written to or read 
from in the same manner as the regular memory array. 


2.7 Chip Clear 


All data may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. | 


SP LE TERED I PE SE ST FS IES SS SS IE ESS ESTE EE IEE TTA SILI ESI AE ESET DS I EO TOE IN BENS DETTE EE ESET PE STITT STFS REDE EELS TTR LETS 
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28C64A Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 


sales offices. 


28C64A F T - 15 1 
Package: 


Temperature 
Range: 


Access Time: 


Shipping: 


Option: 


| Device: 
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L = Plastic Leaded Chip Carrier (PLCC) 

P = Plastic DIP (600 mil) 
SO = Plastic Small Outline IC (600 mil) 
TS = Thin Small Outline Package (TSOP) 8x20mm 
VS = Very Small Outline Package (VSOP) 8x13.4mm 


Blank = 0°C to +70°C 
I = -40°C to +85°C 


15 150ns 
20 200ns 
25 250ns 


Blank Tube 
T Tape and Reel “L’ and “SO” 


Blank = twc = 1ms 
F = twc = 200 us 


28C64A 8Kx8& CMOS EEPROM 
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MicROCHIP - 28 LV64A 


64K (8K x 8) Low Voltage CMOS EEPROM 








FEATURES | PACKAGE TYPES 
° 2.7V to 3.6V Supply 
e Read Access Time—300 ns RDY/SSY Cle 


¢ CMOS Technology for Low Power Dissipation 
- 8mA Active 
- 50 uA CMOS Standby Current 
* Byte Write Time—3 ms 
¢ Data Retention >200 years . 
¢ High Endurance - Minimum 100,000 Erase/Write 
Cycles 
e Automatic Write Operation 
- Internal Control Timer 
- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 
¢ Data Polling 
¢ Ready/Busy 
e Chip Clear Operation 
e Enhanced Data Protection 
- Vcc Detector 
- Pulse Filter 
- Write Inhibit 
¢ Electronic Signature for Device Identification 
¢ Organized 8Kx8 JEDEC Standard Pinout 
28-pin Dual-in-Line Package 
32-pin Chip Carrier (Leadiess or Plastic) 
28-pin Thin Small Outline Package (TSOP) 
8x20mm 
28-pin Very Small Outline Package (VSOP) 
8x13.4mm 
¢ Available for Extended Temperature Ranges: 
- Commercial: 0°C to +70°C 
- Industrial: -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 28LV64A is a CMOS 64K non-vol- 


JIOS/did 


m 
mv 
so 
yD 
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io 


atile electrically Erasable PROM organized as 8K words by 8 bits. 
The 28LV64A is accessed like a static RAM for the read or write creuaty 
cycles without the need of external components. During a “byte elon erie 
write”, the address and data are latched internally, freeing the Control Logic 


microprocessor address and data bus for other operations. Fol- 
lowing the initiation of write cycle, the device will go to a busy state ming 

and automatically clear and write the latched data using an inter- 
nal control timer. To determine when the write cycle is complete, 
the user has a choice of monitoring the Ready/Busy output or 
using Data polling. The Ready/Busy pin is an open drain output, 
which allows easy configuration in ‘wired-or systems. Alterna- 
tively, Data polling allows the user to read the location last written 
to when the write operation is complete. CMOS design and pro- 64K bit 
cessing enables this part to be used in systems where reduced Cell Matrix 
power consumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in applica- 
tions. 
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1.0 ELECTRICAL TABLE 1-1: PIN FUCTION TABLE ~ 
CHARACTERISTICS = 

MAXIMUM RATINGS* _ Address Inputs 

VCC and input voltages w.r.t. VSs ...... -0.6V to+6.25V | Chip Enable 

Voltage on OF W.rt. VSS... ceeesecseeseeeee -0.6V to +13.5V | Output Enable 

Voltage On AQ W.Pt. VSS... ceseereeeeees -0.6V to +13.5V Write Enable 

Output Voltage w.rt. VSS.............0 -0.6V to VCC+0.6V 1/00 - 07 | Data Inputs/Outputs 

Storage temperature ..........csesesseees -65°C to +150°C RDY/Busy | Ready/Busy 

Ambient temp. with power applied......-55°C to +125°C + Power Supply 


“Notice: Stresses above those listed under “Maximum Ratings” may 


ra : Ground 
cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at those or any other conditions No Connect; No Internal Connection 
above those indicated in the operation listings of this specification is 
not implied. Exposure to maximum rating conditions for extended Not Used; No External Connection is 


periods may affect device reliability. Allowed 





TABLE 1-2: READ/WRITE OPERATION DC CHARACTERISTICS 


Vcc = 2.7 to 3.6V 
Commercial (C): Tamb= 0°C to 70°C 
industrial (i): Tamb= -40°C to 85°C 


ee 
‘inputVoltagessts—<“‘sSC~*™ Voltages Logic “1” _| “e VIH 

eee “2" aa 
Input lInputLeakage is Se VIN = OV to Vcc+1 


Input (ideas ee Vin = OV; Tamb = 25°C; 
tae MHz (Note 1) 


aceon Voltages =e ot Sox lOH = -100A 
Logic “O” VOL loL=1.0 mA 
lOL = 2.0 mA for RDY/Busy 


OutputLeakage is Leakage | — | 5 | pA | VouT = OV to Vcc+0.1V 


| Output Capacitance aha pF | VouT = OV; Tamb = 25°C; 
f = 1 MHz (Note 1) 


Power Supply Current, Activity TTL input mA | f= 5 MHz (Note 2) 
lo=OmA 
Vcc = 3.3 
| CE=Vi 


Power Supply Current, Standby TTLinput | Icc(s)TTL 2 mA |CE =VIH (0°C to 70°C°) 
TTL input | Icc(s)TTL 3 mA | CE = VIH (-40°C to 85°C’) 
CMOS input | Icc(s)cmos 100 | pA |CE=Vcc -3.0 to Vcoc+1 
OE = WE = Vcc 
All other inputs equal Vcc or 


Vss 


Note 1: Not 100% tested. 
2: AC power supply current above 5 MHz: 2 mA/Mhz. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 


AC Testing Waveform: VIH = 2.0V; Vil =0.6V; VOH = VOL = Vcc/2 

Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 20ns 

Ambient Temperature: Commercial (C): Tamb= 0°C to +70°C 
Industrial —_ (I) : Tamb = -40°C to +85°C 



































CE or OE High to Output Float (Note 1) 


Output Hold from Address, CE or (Note 1) 
OE, whichever occurs first. 
cycles 25°C, Vcc = 5.0V, 
Block Mode (Note 2) 


Note 1: Not 100% tested. 


2: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific 
application, please consult the Total Endurance Model which can be obtained on our BBS or website. 


FIGURE 1-1: READ WAVEFORMS 









VIH 
Address 


VIL 


VIH 


VIL 


VIH 


VIL tOFF(1,3) 


—»| tOH 
a \A\\\ High Z 
AG saone 9 


__~VIH 
WE 
VIL 


Notes: (1) torr is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested 
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TABLE 1-4: BYTE WRITE AC CHARACTERISTICS 





AC Testing Waveform: VIH = 2.0V; ViL=0.6V; VOH = VOL = Vcc/2 

Output Load: | 1 TTL Load + 100 pF 

Input Rise/Fall Times: 20 ns 

Ambient Temperature: Commercial (C): Tamb = 0°C to +70°C 
Industrial (I) : Tamb = -40°C to +85°C 


Parameter ism [wn [mex | Unie | Ronen 


Address Set-Up Time oe ee ee ee 
Address Hold Time ee ae i ae 


eons ze ee ee ee ee 


Note 1: A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on the 
positive edge of CE or WE, whichever occurs first. 
2: Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until tDH 
after the positive edge of WE or CE, whichever occurs first. 


FIGURE 1-2: PROGRAMMING WAVEFORMS 


V 
Address 


CE, WE 
VIL 


VIH 
VIL 


Data In 


_ VIH 
ViL 


VOH 
Rdy/Bus 
a y VOL 
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FIGURE 1-3: DATA POLLING WAVEFORMS 


VIH j 
: _. Last Written 


——| tACC |= 


. ~< I We tce 


tWPH 


<< tweL—e ZY 77 


“HY a - 


—e| tDV |~<q 


Data In 


twce 


toe ~<— 





FIGURE 1-4: CHIP CLEAR WAVEFORMS 


tw = 10ms 
tS =tH = 1ps 
VH = 12.0V +0.5V 


= 
© 
= 
— 
oF} 





mM 
m 
aL 
me) 
‘e) 
ce 


TABLE 1-5: SUPPLEMENTARY CONTROL 





[ChipClear | | STE XT cc 


[ExtraRowRead | it | |i | AQ =H | Voc | Data Out _ 
ExtraRowWrite | || ASH | Voc | Data in _ 


Note: VH=12.0V+0.5V 





ARORA LI I I A A a TOE I ET a SS SS TS I aE PS RD CE EE SE EE A EEE EEE 
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2.0 DEVICE OPERATION 


The Microchip Technology Inc. 28LV64A has four 
basic modes of operation—read, standby, write inhibit, 
and byte write—as outlined in the following table. 


Operation Mode E}OE|WE| vo Rdy/Busy(1) 


Read 


Standby 

Write Inhibit 
Write Inhibit 
| Write Inhibit 
Byte Write 


Byte Clear Automatic Before Each "Write" 
Note: (1) Open drain output. 























2.1 Read Mode 


The 28LV64A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to 
the output pins independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output 
((CE). Data is available at the output toe after the fall- 
ing edge of OE, assuming that CE has been low and 
addresses have been stable for at least tacc-toE. 


2.2 Standby Mode 


The 28LV64A is placed in the standby mode by apply- 
ing a high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, inde- 
pendent of the OE input. 


2.3 Data Protection 


In order to ensure data integrity, especially during criti- 
cal power-up and power-down transitions, the follow- 
ing enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (2.0 volts typical) will 
inhibit the initiation of non-volatile programming opera- 
tion when Vcc is less than the Vcc detect circuit trip. 


Second, holding WE or CE high or OE low, inhibits a 
write cycle during power-on and power-off (Vcc). 


2.4 Write Mode 


The 28LV64A has a write cycle similar to that of a 
static RAM. The write cycle is completely self-timed 
and initiated by a low going pulse on the WE pin. On 
the falling edge of WE, the address information is 
latched. On rising edge, the data and the control pins 
(CE and OE) are latched. The Ready/Busy pin goes 
to a logic low level indicating that the 28LV64A is ina 
write cycle which signals the microprocessor host that 
the system bus is free for other activity. When 
Ready/Busy goes back to a high, the 28LV64A has 
completed writing and is ready to accept another 
cycle. 


2.5 Data Polling 


The 28LV64A features Data polling to signal the com- 
pletion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the 
data complement of 1/07 (I/O0 to I/O6 can not be 
determined). After completion of the write cycle, true 
data is available. Data polling allows a simple 
read/compare operation to determine the status of the 
chip eliminating the need for external hardware. 





2.6 Electronic Signature for Device 
Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 1FEO to 
1FFF, the additional bytes can be written to or read 
from in the same manner as the regular memory array. 


2.7 Chip Clear 


All data may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE 
low. This procedure clears all data, except for the 
extra row. 


STE a RO AR SEAT AE SS I TT aE TE PIE BI EE SE TB ELT PITS TE IE I SLE SRI STI IE IIA ASE TENE IE TIPO EE TES TED a PSE IRS PE SIRE ET ET IE IE EE TELS 
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28LV64A Product Identification System 


To order or to obtain information (e.g., on pricing or delivery), please use the listed part numbers, and refer to the factory or the listed 


sales offices. 


28LV64A - F T — 20 
Package: 


Temperature 
Range: 


Access Time: 


Shipping: 


Option: 


| Device: 





L = Plastic Leaded Chip Carrier (PLCC) 

P = Plastic DIP 
SO = Plastic Small Outline IC 
TS = Thin Small Outline Package (TSOP) 8 x 20 mm 
VS =,Very Small Outline Package (VSOP) 8 x 13.4 mm 


Blank = 0°C to +70°C 
|= -40°C to +85°C 


20= 200 ns 
30- 300ns 


Blank = Tube 
T = Tape and Reel “L’ and “SO” 


Blank = twc = 1ms 
F = twce = 200us 


24LV64A 8K x8 CMOS EEPROM 
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MICROCHIP 
SECTION 8 
EPROM PRODUCT 
SPECIFICATIONS 
27C64 64K (8K x8) CMOS EPROM ccssiesete bcsseestieid calecccateeen eerie hecoeeansecedadaeedce. 8-1 
27LV64 64K (8K x 8) Low-Voltage CMOS EPROM .............:cccesescecessseeeeeeneeeeeeeseeensennnanesees 8-9 
27C128 128K (16K x 8) CMOS EPROM ..cccscccseccessscsvessossccecsessncecsectossosccnssassedsceacerecaceaadas 8-17 
27C256 256K.(32K x 8) CMOS EPROM eisvccuiGeed sdaiascasvenisiasieteave al edlicanaccaceicostneedie aes 8-25 
27LV256 256K (32K x 8) Low-Voltage CMOS EPROM ............cscccccscccccessssssscseeecseseeseeesees 8-33 
27C512A S121 (64K x:8).CMOS EPROM sigssicieseciciacicocesstas une rtate aadeatore iat sceeasenedidaeedss 8-41 
37LV36/65/128 36K, 64K, and 128K Serial EPROM Family ................:cc:cssssccccessssssssssesssssesseeeeees 8-49 
Memory Products EPROM Programming GUId@ ax. icnscioncdececavcannss chen sctendondecost ake eataawekeuns ae eieeasenes 8-61 
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MicROCHIP 

64K (8K x 8) CMOS EPROM 
FEATURES PACKAGE TYPES 
* High speed performance DIP/SOIC 


- 120 ns access time available 
¢ CMOS Technology for low power consumption 
- 20 mA Active current 
- 100 LA Standby current 
Factory programming available 
Auto-insertion-compatible plastic packages 
¢ Auto ID aids automated programming 
Separate chip enable and output enable controls 
High speed “express” programming algorithm 
Organized 8K x 8: JEDEC standard pinouts 
- 28-pin Dual-in-line package 
- 32-pin PLCC Package 
- 28-pin SOIC package 
- Tape and reel 
Available for the following temperature ranges 


- Commercial: 0°C to +70°C 
- Industrial: -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 27C64 is a CMOS 64K 
bit (electrically) Programmable Read Only Memory. 
The device is organized as 8K words by 8 bits (8K 
bytes). Accessing individual bytes from an address 
transition or from power-up (chip enable pin going low) 
is accomplished in less than 120 ns. CMOS design and 
processing enables this part to be used in systems 
where reduced power consumption and high reliability 
are requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. | 


© 1998 Microchip Technology Inc. 
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1.0 ELECTRICALCHARACTERISTICS | TABLE1-1: PIN FUNCTION TABLE 


1.1. Maximum Ratings* 
Vcc and input voltages w.r.t. VSS ....... -0.6V to + 7.25V Address Inputs 
VPP voltage w.r.t. VSS during Chip Enable 
PFOGAMIMING svsicsccsacsossssovesecseseversvanneenesss -0.6V to +14V ‘ 

na 
Voltage on AQ Wt. VSS .eccecscsscssssseeeeee -0.6V to +13.5V uipuleheble 
Output voltage wart. VSS... seen -0.6V to Vcc +1.0V Program Enable 
Storage temperature oo... -65°C to +150°C Programming Voltage 
Ambient temp. with power applied......-65°C to +125°C - Data Output 
*Notice: Stresses above those listed under “Maximum Ratings” +5V Power Supply 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any Ground 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con- No Connection; No Internal Connec- 
ditions for extended periods may affect device reliability. tions 


Not Used; No External Connection Is 
Allowed 





TABLE 1-2: READ OPERATION DC CHARACTERISTICS 











Voc = +5V (+10%) 
Commercial: Tamb= 0°C to +70°C 
industrial: Tamb = -40°C to +85°C 












‘inputVoltages CS Voltages Logic "1" VIH Vec+1| V 
ag “0" om oe V 


input finputLeakage VIN = 0 to Vin=OtoVec 


Output Voltages —s "q" — zs 4 IOH = -400 pA 
aarp “0" = as 45 re eae =2.1mA 


Output Leakage | A VouT = OV to vour=oVtovec sd 


pF | VIN = OV; Tamb = 25°C; 
f= 1 MHz 











Input Capacitance 









\f=1MHz~ 


Power Supply Current, TTL input Icc1 mA | Vcc = 5.5V; VPP = VCC; 
Active i TTL input Icc2 mA |f=1MHz; OE = CE =VIL; 
irae 0 mA; ViL = -0.1 to 0.8V; 
VIH = 2.0 to Vcc; Note 1 














Power Supply Current, C TTL input Icc(s) mA 
Standby | TTL input : mA 
all | CMOS input 100 wA |}CE=Vcc+0.2V 


lpP Read Current Read Mode IPP 100 uA | VPP = 5.5V 
VpP Read Voltage Read Mode Vpp | Vcc-0.7) Vcc V 


* Parts: C=Commercial Temperature Range; | =Industrial Temperature Range. 
Note 1: Typical active current increases .5 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 












AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; VOH = 2.0V VOL = 0.8V 
Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 10ns 

Ambient Temperature: Commercial: Tamb= 0°C to +70°C 


Industrial: Tamb = -40°C to +85'C 














27C64-12 | 27C64-15 | 27C64-17 | 27C64-20 | 27C64-25 










Parameter Conditions 


naarss to Oapa beay | wco| — | 20] — [180] — [170] — |a00| — |950| ne [OE=OE =v] 
Eo a Ce ce 
[womabay [wl —[e [=n BEERS ve 


CE or OE to O/P High tOFF 50 
impedance 

Output Hold from 

Address CE or OE, 

whichever occurs first 










FIGURE 1-1: READ WAVEFORMS 


Address | < Address Valid >. 


St 


| ail 
pigine Y{{{ Valid Output) Valid Output NS _tilgh 2 


NANI (_Vaidousut DW 


tAcc 


Note 1: tOFF is specified for OE or CE, whichever occurs first. 
2: OE may be delayed up to tCE - tOE after the falling edge of CE without impact on tCE. 
3: This parameter is sampled and is not 100% tested. 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS . 












Ambient Temperature: Tamb = 25°C + 5°C 
Vcc = 6.5V + 0.25V, VPP = VH = 13.0V + 0.25V 


ae 


Input Voltages Logic” 1” VIH Vcc+t 
peas eae VIL 0.8 
festoeege Voltages — VOH 2.4 IOH = -400 nA 
Logic”0” VOL 0.4 rs se = 2.1mA 
Vcc Current, program & verify | — | tec | Icc2 | mA [Notet 1 


le Ae eR Ea aR 
a Pewvaeticaen | — | w [usfwstv | 


Note 1: Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP. 









TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 















for Program, Program Verify AC Testing Waveform: ViH=2.4V and ViIL=0.45V; VOH=2.0V; VoL=0. 8V 
and Program Inhibit Modes Ambient Temperature: Tamb=25°C +5°C 
Vcc= 6.5V + 0.25V, VPP = VH = 13.0V + 0.25V 


ee 
ites Satie | ee Pf PO 

a aaah Sl A SS RR! 
ouavidtine —SSSCS~S~s am Pe Pe | 
iteseHoaTine —SSCSCS~sa fo Pe | 
Fouoeny@ SSSS~*~Ss te | fw me | 
vecseuptme ——SSCS~=~S~s tes Pe Pe | 
CE 
fOEseuptme SSS*~Ss tes P @ Pe | 


Note 1: For express algorithm, initial programming width tolerance is 100 ys +5%. 
2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 
longer driven (see timing diagram). 








Ae ae BE a RST SST SI SS TT EE DES I ETE SSD SEITE TE OT EM EID SELES LSE ES EE TE ETE ETRE NG ED ES ESTEE EE TEESE SE TE TEE I ET TET TE LIE ETE IE I EE SEED 


DS11107L-page 8-4 © 1998 Microchip Technology Inc. 


27C64 





FIGURE 1-2: PROGRAMMING WAVEFORMS (1) 


Program 
VIH 
Address ( Address Stable 
VIL 
tas 
VIH 


Data 
VIL C| Data In Stable 


13.0 V (3) ) 
VPP 
5.0 V 


6.5 V (3) 
Vcc 
5.0V tves 
CE ’ 
VIL 
{CES 
_.. ~VIH 
- ¥ 
. few 
_. VIH a 


OE topw N 
VIL | 2329 





Notes: (1) The input timing reference is 0.8 V for ViL and 2.0 V for ViH. 
(2) toF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5 V 40.25 V, Vep = VH= 13.0 V +0.25 V for Express algorithm. 


TABLE 1-6: MODES 


Operation Mode 





Read Dout 

Program DIN 

Program Verify DouT 

Program Inhibit | High Z 

Standby High Z 

Output Disable High Z 

Identity Identity Code 

X = Don't Care 
1.2 Read Mode For Read operations, if the addresses are stable, the 

Soe oo ao address access time (tACC) is equal to the delay from 

(See Timing Diagrams and AC Characteristics) CE to output (tce). Data is transferred to the output 
Read Mode is accessed when after a delay from the falling edge of OE (toe). 


a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output 
pins 
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1.3. Standby Mode | 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 pA. 


1.4 Output Enable 


This feature eliminates bus contention in microproces- 
‘sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 


¢ The OE and PGM pins are both high. 
1.5 Erase Mode (U.V. Windowed Versions) 


Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1’s state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm? 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelongtn of 2537 Angstroms, 
intensity of 12,000uW/cm? for approximately 20 min- 
utes. 


1.6 Programming Mode 


The Express Algorithm has been developed to improve 
the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming 


is required. A flowchart of the express algorithm is — 


shown in Figure 1-3. 
Programming takes place when: 


a) VCC is brought to the proper voltage, 

b) VPP is brought to the proper VH level, 

c) the CE pin is low, 

d) the OE pinis high, and 

e) the PGM pin is low. 

Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO-A12 and the data to be programmed is pre- 
sented to pins O0-O7. When data and address are sta- 
ble, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 


1.7 Verify 


After the array has been programmed it must be veri- 
fied to ensure all the bits have been correctly pro- 
grammed. This mode is entered when all the following 
conditions are met: 

a) VCC is at the proper level, 

b) VppP is at the proper VH level, 

c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 


1.8 Inhibit 





When programming multiple devices in parallel with dif- 
ferent data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM 
or CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level 
is present on CE or PGM); and the device is inhibited 
from programming. 


1.9 Identity Mode 


In this mode, specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin AQ is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on O0 through O7. 






Pin | Pin | 


oa 0:0 
7/6 


=— VIL 
Device Type” | VIH : ; ; 


* Code subject to change 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 


Conditions: 

Tamb =.25°C +5°C 
Vcc = 6.5 +0.25V 
VppP = 13.0 +0.25V 


ADDR = First Location 
Vcc = 6.5V 
Vpp = 13.0V 


Program one 100 us pulse 
Increment X 


Verify Pass 
Byte 


Address? 


Increment Address 
Vcc = VppP = 4.5V, 5.5V 


All 


Device \ Yes,“ bytes \ No Device 
Passed = original Failed 


data? 
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27C64 Product identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. | 


27064 -— 25 | /P 


L 
Package: P 
SO 


Temperature Blank 
Range: I 


Plastic Leaded Chip Carrier 
Plastic DIP (600 Mil) 
Plastic SOIC (300 Mil) 


0°C to +70°C 
—40°C to +85°C 


120 ns 
150 ns 
170 ns 
200 ns 
250 ns 


Device: 27064 64K (8K x 8) CMOS EPROM 


Access 
Time: 
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64K (8K x 8) Low-Voltage CMOS EPROM 





FEATURES 


* Wide voltage range 3.0V to 5.5V 

High speed performance 

- 200 ns access time available at 3.0V 

¢ CMOS Technology for low power consumption 
- 8 mA active current at 3.0V 

- 20 mA active current at 5.5V 

- 100 pA standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 

¢ Auto ID aids automated programming 
Separate chip enable and output enable controls 
High speed “express” programming algorithm 
Organized 8K x 8: JEDEC standard pinouts 

- 28-pin Dual-in-line package 

- 32-pin PLCC Package 

- 28-pin SOIC package 

- Tape and reel 

Available for the following temperature ranges: 


- Commercial: 0°C to +70°C 
- Industrial: -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 27LV64 is a low-voltage 
(3.0 volt) CMOS EPROM designed for battery powered 
applications. The device is organized as 8K x 8 (8K- 
Byte) non-volatile memory product. The 27LV64 con- 
sumes only 8mA maximum of active current during a 
3.0 volt read operation therefore improving battery per- 
formance. This device is designed for very low voltage 
applications where conventional 5.0 volt only EPROMs 
can not be used. Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 200 ns at 
3.0V.This device allows system designers the ability to 
use low voltage non-volatile memory with today’s low 
voltage microprocessors and peripherals in battery 
powered applications. | 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. | 


© 1998 Microchip Technology inc. 
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| DIP/SOIC | 
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1.0 ELECTRICAL CHARACTERISTICS 
1.1 - ‘Maximum Ratings* 


Vcc and input voltages w.r.t. VSS ....... -0.6V to + 7.25V © 


VPP voltage w.r.t. VSS during 


PFOCKAIINUING win saan sciseeveatvvatsceiveavatcudeneseey -0.6V to +14V 
Voltage On AQ W.Ft. VSS... eee ecseeeseeeeee -0.6V to +13.5V 
Output voltage w.r.t. VSS... eee -0.6V to Vcc +1.0V 
Storage temperature ..........cceeeeseeees -65°C to +150°C 


Ambient temp. with power applied......-65°C to +125°C 


“Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con- 
ditions for extended periods may affect device reliability. 


TABLE 1-1: PIN FUNCTION TABLE 


io | ro 


Address Inputs 











Chip Enable 

Output Enable 

Program Enable 
Programming Voltage 
Data Output 

+5V Or +3V Power Supply 


Ground 






No Connection; No Internal Connec- 
tions 


Not Used; No External Connection Is 
Allowed. 






TABLE 1-2: READ OPERATION DC CHARACTERISTICS 


Vcc = 3.0V to 5.5V unless otherwise specified 
Commercial: Tamb= 0°C to +70°C 
Industrial: Tamb = -40°C to +85°C 


retne = SS eee 


Input Voltages Logic "1" 
Logic "0" 


Input input Leakage | 


Output Voltages Logic "1" He IOH = -400 pA 
Logic "0" 7x loL = 2.1 mA 


input Capacitance pF |VIN= ov; Tamb = 25°C; 
f= 1 MHz 


Power Supply Current, TTL input Icc1 =| @ 5.0V = 5.5V; VPP = 
Active 8 @ 3.0V f= 1 MHz; . 
TTL input Icc2 25 @ 5.0V OE = CE = VIL; 
10 @ 3.0V lout = 0 mA; 
: Vit = -0.1 to 0.8V; 
VIH = 2.0 to Vcc; 
Note 1 


) WA VOUT = OV to Vcc 











pF | VouT = OV; Tamb = 25°C; 


Vcc = 5.5V; VPP = Vcc 





Power Supply Current, TTL input Icc(s) 
Standby TTL input 
CMOS input 


* Parts: C=Commercial Temperature Range; |=Industrial Temperature Range 
Note 1: Typical active current increases .5 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS — 











AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; VOH = 2.0V VoL = 0.8V 





Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 10ns 

Ambient Temperature: Commercial: Tamb= 0°C to +70°C 
Industrial: Tamb = -40°C to +85°C 










Parameter 


27LV64-20 27LV64-25 | 27LV64-30 
= teste Mi ti a 


Eero feet =teet tala tee om 
[OEic upatdety we | — | 100 | — | as |— | sas | mw [Oem 


CE or OE to O/P High tOFF 
Impedance 

Output Hold from Address CE or 

OE, whichever goes first 


FIGURE 1-1: READ WAVEFORMS 





Address Valid 


— 


i ce 
pean . CCX vad ouput) Valid Output WANA _High 2 


00 - O07 (Valid Output, YN 


tacc 
Notes: (1) torr is specified for OE or CE, whichever occurs first 


(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested. 
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TABLE 1-4: | PROGRAMMING DC CHARACTERISTICS 


Ambient Temperature: Tamb = 25°C + 5°C 
Vcc = 6.5V + 0.25V, VPP = VH = 13.0V + 0.25V 


Logic'1” | Vik | 2.0 |Vcce+1] Vv 
| Logic”0” VIL -0.1 0.8 V 


= [uw [0 [10 | WA [wweoveves 


Logic”1” VOH 2.4 V IOH = -400 LA 
Logic”0” VOL 0.45 loL= 2.1mA 





Note 1: Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP. 


TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 


for Program, Program Verify AC Testing Waveform: VIH=2.4V and ViL=0.45V; VOH=2.0V; VOL=0.8V 
and Program Inhibit Modes Ambient Temperature: Tamb=25°C + 5°C 
Vcec= 6.5V + 0.25V, VPP = VH = 13.0V + 0.25V 


Parameter 


” 


Address Set-Up Time 
Data Set-Up Time 

Data Hold Time 

Address Hold Time 
Float Delay (2) 

Vcc Set-Up Time 
Program Pulse Width (1) 
CE Set-Up Time 


<= 


| tos 
| ton 


ee) 
2 


= 
ne) 

= 
3 

® 


VPP Set-Up Time 
Data Valid from OE 





Note 1: For express algorithm, initial programming width tolerance is 100 ys +5%. 
Note 2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 
longer driven (see timing diagram). 





ASST SSS lls SACRO 
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FIGURE 1-2: PROGRAMMING WAVEFORMS (1) 


Program 


; N 
Address 4 Address Stable z 


tas 


4 Data In Stable = (| Data Out Valid [J 


el tor 
(2) 
13.0 V (3) 


5.0V 

6.5 V (3) 

5.0V 
_ VIH 

VIL 

VIH 

Vit 

VIH 


toPw 
Vit 


Notes: (1) The input timing reference is 0.8V for Vit and 2.0V for VIH. 
(2) toF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5V +0.25V, VPP = VH = 13.0V +0.25V for Express algorithm. 





TABLE 1-6: MODES 


[Speratoniioge | G& | Of | PoM | vr | no | over 
Red | Mu] Yoo] XY 
ra oo 
Progamverly [ve [wa | vw | va |x | don 
Program innit [Vm] x [| x | va |x | Woh 
a SS High 























x<| X< 













{ 





Identity 
X = Don't Care 
1.2 Read Mode For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from 
(See Timing Diagrams and AC Characteristics) CE to output (tc). Data is transferred to the output 
Read Mode isacessced when after a delay from the falling edge of OE (toe). 


a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output 
pins 
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1.3 Standby Mode 


The standby mode is defined when the CE pin is high 
(ViIH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 LA. 


1.4 Output Enable : 


This feature eliminates bus contention in microproces- 
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 


* The OE and PGM pins are both high. 
1.5 Erase Mode (U.V. Windowed Versions) 


Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1’s state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet Jamp with a wavelength of 2537 Angstroms, 
intensity of 12,000uW/cm? for approximately 20 min- 
utes. 


1.6 Programming Mode 


The Express Algorithm has been developed to improve 
the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming 
is required. A flowchart of the express algorithm is 
shown in Figure 1-3. 


Programming takes place when: 


a) VCC is brought to the proper voltage, 

b) VpP is brought to the proper VH level, 

c) the CE pin is low, 

d) the OE pin is high, and 

e) the PGM pin is low. 

Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO-A12 and the data to be programmed is pre- 
sented to pins O0-O7. When data and address are sta- 
ble, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 


1.7 Verify 


After the array has been programmed it must be veri- 


fied to ensure all the bits have been correctly pro- 
grammed. This mode is entered when all the following 
conditions are met: 

a) VCC is at the proper level, 

b) VPP is at the proper VH level, 

c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 


1.8 Inhibit 





When programming multiple devices in parallel with dif- 
ferent data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM 
or CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level 
is present on CE or PGM); and the device is inhibited 
from programming. 


1.9 | Identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin AQ is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on O0 through O7. 






Pin Pin 


| a 0/Q/;0/0 
7\6|5\4 


= VIL 
Device Type* | VIH ; 


* Code subject to change 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 





















Conditions: 
Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 
VpP = 13.0 +0.25V 





ADDR = First Location 
Vcc = 6.5V 
Vpp = 13.0V 


| Program one 100 us pulse 
Increment X 


Verify Pass 
Byte 
Yes / Device 
Failed 
Address? 


No 


Increment Address 


Vcc = Vpp = 4.5V, 5.5V 













All 
bytes 
= original 
data? 


Device Yes No Device 
Passed Failed 


SAE IRE IE ETT I TA I BCE E SB TESS SG 5B TS SEEN AN SP OES CTP SIE 20 ISTE PTE ASA STARE OTE BAY LENA RN RIS OR TTP A EYES I RSL CEES SC rt I IES 
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27LV64 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


27LV64 - 25 | /P 





= Plastic Leaded Chip Carrier 
Package: = Plastic DIP (600 Mil) 
= Plastic SOIC (300 Mil) 


Temperature Blank = 0°C to +70°C 


Range: I = -40°C to +85°C 


20 = 200ns 
25 250 ns 
30 = 300ns 


Access 
Time: 


Device: 64K (8K x 8) Low-Voltage CMOS EPROM 
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MICROCHIP 


270128 





128K (16K x 8) CMOS EPROM 





FEATURES 


« High speed performance 
- 120 ns access time available 
¢ CMOS Technology for low power consumption 
- 20 mA Active current 
- 100 pA Standby current 
¢ Factory programming available 
¢ Auto-insertion-compatible plastic packages 
¢ Auto ID aids automated programming 
¢ Separate chip enable and output enable controls 
¢ High speed “express” programming algorithm 
¢ Organized 16K x 8: JEDEC standard pinouts 
- 28-pin Dual-in-line package 
- 32-pin PLCC Package 
- 28-pin SOIC package 
- Tape and reel 
Available for the following temperature ranges: 


- Commercial: 0°C to +70°C 

- Industrial: -40°C to +85°C 

- Automotive: -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 27C128 is a CMOS 
128K bit (electrically) Programmable Read Only Mem- 
ory. The device is organized as 16K words by 8 bits 
(16K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 120 ns. CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and high 
reliability are requirements.A complete family of pack- 
ages is offered to provide the most flexibility in applica- 
tions. For surface mount applications, PLCC, SOIC, or 
TSOP packaging is available. Tape and reel packaging 
is also available for PLCC or SOIC packages. UV eras- 
able versions are also available. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 


PACKAGE TYPES 
| pIP/soic | 
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1.0 ELECTRICAL CHARACTERISTICS 
1.1. | Maximum Ratings* 


Vcc and input voltages w.r.t. VSS ........-0.6V to +7.25V 
VPP voltage w.r.t. VSS during. 

PFOQFAMIMING .......--sssseessereresctceeeseneeserenes -0.6V to +14V 
Voltage on AQ W.r.t. VSS. oieceesesceeseseeee -0.6V to +13.5V 
Output voltage w.r.t. VSS........ eee -0.6V to Vcc +1.0V 
Storage temperature ......... ce eeeeeeeees -65°C to +150°C 


Ambient temp. with power applied......-65°C to +125°C 


“Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con- 
ditions for extended periods may affect device reliability. 


TABLE 1-2: 

















Input Leakage 
Output Leakage 







Output Capacitance 


Power Supply Current, 
Active 















Power Supply Current, C TTL input 
Standby LE TTL input 
all | CMOS input 













Vcc = +5V (+10%) 
Commercial: Tamb = 
Industrial: 

Extended (Automotive): 





Output Voltages Logic "1" VOH 2.4 V_ |IOH =-400 uA 
Logic "0" VOL 0.45 V |jloL=2.1mA 


pa | = |i 
CoutT 12 pF | VouT = OV; Tamb = 25°C; 
f=1 MHz 


TTL input ICC1 20 mA | Vcc = 5.5V; VPP = Vcc 
TTL input Icc2 25 | mA |f=1 MHz; 
OE=CE=ViL; ~ 
lOoUT = 0 mA; 
VIL = -0.1 to 0.8V; : 
VIH = 2.0 to VCC; 
Note 1 


Icc(s) 2 mA 
3. mA 
100 wA |CE=Vcc+0.2V 
lpP Read Current Read Mode IPP 100 uA | VPP =5.5V 
VppP Read Voltage Read Mode Vepp | Vcc-0.7| Vcc V 


Input Voltages Logic "1" VIH Vec+i| V 
Logic "0" VIL 0.8 V 


TABLE 1-1: | PINFUNCTION TABLE 


Address Inputs 

Chip Enable 

Output Enable 
Program Enable 
Programming Voltage 
Data Output 

+5V Power Supply 
Ground 


No Connection; No Internal Connec- 
tions 


Not Used; No External Connection Is 
Allowed 


READ OPERATION DC CHARACTERISTICS 





0°C to +70°C 
Tamb = -40°C to +85°C 
Tamb = -40°C to +125°C 





pF | VIN = OV; Tamb = 25°C; 






* Parts: C=Commercial Temperature Range; !, E=Industrial and Extended Temperature Ranges 
Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 
AC Testing Waveform: VIH = 2.4V and Vit = 0.45V; VOH = 2.0V VOL = 0.8V 
Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 10ns 
Ambient Temperature: Commercial: Tamb = 0°C to +70°C 


Industrial: Tamb = -40°C to +85°C 
Extended (Automotive): Tamb = -40°C to +125°C 


27C0128-12 | 27C 128-15 | 27C128-17 | 27C128-20 | 27C 128-25 
tax | min | Max | Units | Conditions 


Output Hold from tOH 
Address CE or OE, 
whichever occurs first 


FIGURE 1-1: READ WAVEFORMS 


Address < | Address Valid S 
tOFF(1,3) 


tOH 


00" ee al 
00 - 07 \\\\\ Valid Output VIN 


tAcc 





Notes: (1) torr is specified for OE or CE, whichever occurs first __ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 





a ee 


© 1998 Microchip Technology inc. DS11003K-page 8-19 





270128 





TABLE 1-4: | PROGRAMMING DC CHARACTERISTICS 


Ambient Temperature: Tamb = 25°C + 5°C 
Vcc = 6.5V + 0.25V, VpP = 13.0V + 0.25V 


____ Parameter | Status | symbot | tin | max. | Units | Conditions 
Input Voltages Logic” 1” 
Logic”0” ; 


VIN = OV to Vcc 


Logic”1” : IOH = -400 pA 
Logic”’0” loL= 2.1mA 





Note 1: Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP 


TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 









for Program, Program Verify AC Testing Waveform: VIH=2.4V and ViL=0.45V; VOH=2.0V; VOL=0.8V - 
and Program Inhibit Modes Ambient Temperature: Tamb=25°C+ 5°C 
Vcoc= 6.5V + 0.25V, VPP = VH = 13.0V + 0.25V 








~” 
< 
3 
oy 
° 


Parameter 





Address Set-Up Time tAS 


Data Set-Up Time | tos | 
Data Hold Time | to 
Address Hold Time 
Float Delay (2) 
Vcc Set-Up Time 
Program Pulse Width (1) 


| CE Set-Up Time 


| toes | 
OE Set-Up Time | tos 
| tvs 
| toe 








= _ 
© QW 
on co) 


a 
” 


100 us typical 


ee 
oO 1H 


VppP Set-Up Time tVPS 
Data Valid from OE 


ale 
” 


_ 
(eo) 
oO 





Note 1: For express algorithm, initial programming width tolerance is 100 us +5%. 
2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 
longer driven (see timing diagram). 
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FIGURE 1-2: PROGRAMMING WAVEFORMS (1) 


Program 


Address 4 Address Stable 


tAS 


High Z 
C Data In Stable 


7 
ee 


13.0 V (3) 


5.0 V 


gag ae 
5.0 V eS 

__ VIH 
VIL 

Ices ee 


DON / 
“ ow 
Vin tOE 


OE topw | ) 
Vit 


Notes: (1) The input timing reference is 0.8V for Vi and 2.0V for VIH. 
(2) toF and toE are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5V +0.25V, VPP = VH= 13.0V +0.25V for Express algorithm. 





TABLE 1-6: MODES 


Operation Mode 


Read DOUT 
Program | DIN 
Program Verify DouT 


Program Inhibit High Z 
Standby High Z 
Output Disable High Z 





Identity Identity Code 
X = Don't Care 
1.2 Read Mode For Read operations, if the addresses are stable, the 
address access time (tACc) is equal to the delay from 
(See Timing Diagrams and AC Characteristics) CE to output (tce). Data is transferred to the output 
Read Mode is accessed when after a delay from the falling edge of OE (toe). 


a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output 
pins 
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1.3 Standby Mode 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 pA. 


1.4 Output Enable 


This feature eliminates bus contention in microproces- 


sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 


¢ The OE and PGM pins are both high. 
1.5 Erase Mode (U.V. Windowed Versions) 


Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1’s state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm? is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelongM of 2537 Angstroms, 
intensity of 12 ,000LW/cm? for approximately 20 min- 
utes. 


1.6 Programming Mode 


The Express Algorithm has been developed to improve 
the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming 
is required. A flowchart of the express algorithm is 
shown in Figure 1-3. 


Programming takes place when: 


a) Vcc is brought to the proper voltage, 

b) VPP is brought to the proper VH level, 

c) the CE pin is low, 

d) the OE pinis high, and 

e) the PGM pin is low. 

Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO-A13 and the data to be programmed is pre- 
sented to pins 00-07. When data and address are sta- 
ble, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 


1.7 Verify 


| After the array has been programmed it must be veri- 
fied to ensure all the bits have been correctly pro- 
' grammed. This mode is entered when all the following 


conditions are met: 


a) VCC is at the proper level, 

b) VPP is at the proper VH level, 
c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 


1.8 Inhibit 


When programming multiple devices in parallel with dif- 
ferent data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM 
or CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level 


_is present on CE or PGM); and the device is inhibited 


from programming. 


1.9 identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin AQ is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on O0 through O7. 


Pin Pin 





7a VIL | 29 | 
Device Type* | VIH : ; 83 


* Code subject to change 


SS PP A EP DPE IE IE ET I SE ST EE RS SEDER EET EET EES DOE I IEE I I ET OO OEE I 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 


Conditions: 

Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 
Vpp = 13.0 +0.25V 


ADDR = First Location 
Vcc = 6.5V 
Vpp = 13.0V 





x 
Program one 100 us pulse 
Increment X 


Verify Pass 
Byte 


Yes / Device 
Failed 
Address? 


No 


Increment Address 


Vcc = VpP = 4.5V, 5.5V 


Device Yes No Device 
Passed Failed 


0 












All 
bytes 
= original 
data? 
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27C128 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


270128 -25 | /P 





L 
Package: P 
SO 


Plastic Leaded Chip Carrier (PLCC) 
Plastic DIP (600 Mil) 
Plastic SOIC (300 Mil) 


0°C to +70°C 
-40°C to +85°C 
-40°C to +125°C 


Temperature Blank 
Range: 


120 ns 
150 ns 
170 ns 
200 ns 
250 ns 


Access 
Time: 





Device: 270128 128K (16K x 8) CMOS EPROM 


DS11003K-page 8-24 © 1998 Microchip Technology Inc. 


MICROCHIP 


27C256 





256K (32K x 8) CMOS EPROM 








FEATURES 


* High speed performance 

- 90 ns access time available 
¢ CMOS Technology for low power consumption 
- 20 mA Active current 
- 100 pA Standby current 
Factory programming available 
Auto-insertion-compatible plastic packages 
« Auto ID aids automated programming 
Separate chip enable and output enable controls 
High speed “express” programming algorithm 
Organized 32K x 8: JEDEC standard pinouts 
- 28-pin Dual-in-line package 
- 32-pin PLCC Package 
- 28-pin SOIC package 
- 28-pin Thin Small Outline Package (TSOP) 
- 28-pin Very Small Outline Package (VSOP) 
- Tape and reel 
Data Retention > 200 years 
Available for the following temperature ranges: 


- Commercial: 0°C to +70°C 

- Industrial: -40°C to +85°C 

- Automotive: -40°C to +125°C 
DESCRIPTION 


The Microchip Technology Inc. 27C256 is a CMOS 
256K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized as 32K words by 8 
bits (S2K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 90 ns. This very 
high speed device allows the most sophisticated micro- 
processors to run at full speed without the need for 
WAIT states. CMOS design and processing enables 
this part to be used in systems where reduced power 
consumption and reliability are requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC, SOIC, VSOP or TSOP packaging is 
available. Tape and reel packaging is also available for 
PLCC or SOIC packages. 
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DIP/SOIC 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: | PIN FUNCTION TABLE | 


1.1. Maximum Ratings* 
‘Vcc and input voltages w.r.t. VSS ........ -0.6V to +7.25V | Address Inputs 
VpP voltage w.r.t. VSS during | CE Chip Enable 
PFOGFAMIMING so sisvscevesccsseeseesissnverssavearens -0.6V to +14.0V | aid 
n 
Voltage on AQ Walt. VSS .essssssseseseseceeeee -0.6V to +13.5V Sriuenenle 
Output voltage w.r.t. VSS... -0.6V to Vcc +1.0V Programming Voltage 
Storage temperature vo... -65°C to +150°C : Data Output 
Ambient temp. with power applied...... -65°C to +125°C +5V Power Supply 
“Notice: Stresses above those listed under “Maximum Ratings” Ground 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any No Connection; No Internal Connec- 
other conditions above those indicated in the operation listings of tion 
this specification is not implied. Exposure to maximum rating con- 
ditions for extended periods may affect device reliability. Not Used; No External Connection Is 





Allowed 


TABLE 1-2: READ OPERATION DC CHARACTERISTICS 











Vcc = +5V (+10%) 
Commercial: Tamb= 0°C to +70°C 
Industrial: Tamb = -40°C to +85°C 
Extended (Automotive): | Tamb = -40°C to +125°C 


[—rwametr [row | tat [Syme] mn. [ wx [Unto] condone 


Input Voltages Logic "1" VIH Vec+1} V 
7 “O" x =a V 


jinputLeakage Leakage VIN = 0 to Vcc 


Output Voltages a "4" am = 4 IOH = -400 LA 
a “O" <a lol = 2.1 mA 


[Output Leakage Leakage VouT = OV to Vcc 


uA 

| Input Capacitance pF | VIN = OV; Tamb = 25°C; 
f= 1 MHz 

Output Capacitance anid | al bale OV; Tamb = 25°C; 


Power Supply Current, TTL input Icc1 ial al Vcc = 5.5V; Vpp = Vcc 
Active TTL input Icc2 25 mA |f=1 MHz; 
OE = CE = VIL; 
. louT = 0 mA; 
VIL = -0.1 to 0.8V; 
VIH = 2.0 to VCC; 
Note 1 

































Power Supply Current, C TTL input Icc(s) mA 
piandby: LE TTL input mA 
all | CMOS input ‘a wA |CE=Vcc+t0.2V 


ipP Read Current Read Mode IPP 100 VPP = 5.5V 
Vpp Read Voltage Read Mode Vep |Vcc-0.7| Vcc 


* Parts: C=Commercial Temperature Range; |, E=Industrial and Extended Temperature Ranges 
Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 















AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; VOH = 2.0V VOL = 0.8V 


Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 10 ns 

Ambient Temperature: Commercial: Tamb = 0°C to +70°C 
Industrial: Tamb = -40°C to +85°C 
Automotive: Tamb = -40°C to +125°C 






27C256-90* | 27C256-10* | 27C256-12 | 27C 256-15 | 27C256-20 
Min | Max | in| ax | in | Max in| Max 


Address to ‘Address to Output ltacc | 100 120 CE=OE =ViL| 
heer 


nore SSOSCS0SCSCrmccs 


DER Owe Dety or OE to O/P tOFF Es 2 
High Impedance 

Output Hold from 

Address CE or OE, 

whichever goes first 


*-10, -90 AC Testing Waveform: VIH = 2.4V and VIL = .45V; VOH = 1.5V and VOL = 1.5V 
Output Load: 1 TTL Load + 30pF 


FIGURE 1-1: READ WAVEFORMS 


Address <q Address Valid SS 


i 


Parameter Conditions 











//LV 


aii : 
Outputs High Z ////V Valid Output \AA\\ High Z 
/| 


O00 - 07 | \A\\\ 


Notes: (1) toFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested. 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS | 











Ambient Temperature: Tamb = 25°C + 5°C 
Vcc = 6. ore: 25V, VPP = VH = 13.0V + 0.25V 


Input finputVoltages tS” Logic”1” VIH Vcec+1 

aw VIL 0.8 

Input inputLeakage Ft | 10 | 10 | pA VIN = Vin=OVtoVeo sd to Vcc 

Output Voltages — VOH 2.4 IOH = -400 LA 
Pe nereRorr rs get Poe loL= 2.1mA 


a So AS C8 eee 
[no roduc enteaton | — [| w |[ns[ws[ v | 


Note 1: Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP 













TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 









for Program, Program Verify AC Testing Waveform: ViH=2.4V and ViL=0.45V; VOH=2.0V; VOL=0.8V 
and Program Inhibit Modes Output Load: 1 TTL Load + 100pF 

Ambient Temperature: Tamb=25°C + 5°C 

Vcec= 6.5V + 0.25V, VPP = VH = 13.0V + 0.25V 


reer | ort [te | [rte | oes 
ates Setupting es PP 
Daaseptine ———SOSSCSC~— asf Pe | 
Daatetme SSSSCS~Ss mp Pe | 
acess ote ———SSSSCS~—Caw fo Pe | 
Foaoeey@ ——SSSCS~S~‘~dCe fo tw me | 
ecsawupting es fe |) 
En 
A A ee ee 
vepsetuptine ——SSSCSC~s es Pe Pe | 
aavaldtomOESSCS~*~*~‘“~*~*~dtCie =P ftw me | 


Note 1: For express algorithm, initial programming width tolerance is 100 ys +5%. 
2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 
longer driven (see timing diagram). 

















a IE NETO LS I OPN ET CT I TE I ET EE PE a EAE SL TE SS eS ES SE I PEST LST A SE I TEES TE A IETS D, 
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FIGURE 1-2: PROGRAMMING WAVEFORMS 


Program 
VIH 
Address ( Address Stable 
VIL 
tas 
VIH 


Data Data Stable ! 
vi ar aah | 


| 13.0V(2) 
VPP 
sw i 
Vcc 
5.0V tvcs 


VIH 


VIL 


VIH 





VIL 


Notes: (1) tDF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc = 6.5 V +0.25V, Vep = VH = 13.0V +0.25V for express algorithm 


TABLE 1-6: MODES 


Gperaionwode | CE [of 


Read | DouT 





Program DIN 

Program Verify DOUT 

Program Inhibit High Z 

Standby High Z 

Output Disable High Z 

Identity Identity Code 

X = Don’t Care 

1.2 Read Mode For Read operations, if the addresses are stable, the 
ue _ address access time (tacc) is equal to the delay from 

(See Timing Diagrams and AC Characteristics) CE to output (tce). Data is transferred to the output 

Read Mode is accessed when: after a delay from the falling edge of OE (toe). 


a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output 
pins 


La a i in ae NT ae AN a RN ca A Nin at OP RE ere ee Se ee] 
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1.3 Standby Mode | 
The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 LA. 


1.4 Output Enable 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


¢ The OE pin is high and the program mode is not 
defined. 


1.5 Erase Mode (U.V. Windowed Versions) 


Windowed products offer the ability to erase the mem- 
ory array. The memory matrix is erased to the all 1’s 


state when exposed to ultraviolet light. To ensure com- : 


plete erasure, a dose of 15 watt-second/cm? is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, 
intensity of 12 ,000LW/cm? for approximately 20 min- 
utes. 


1.6 Programming Mode 


The Express Algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming 
is required. A flowchart of the express algorithm is 
shown in Figure 1-3. 


Programming takes place when: 


a) Vcc is brought to the proper voltage, 

b) VPP is brought to the proper VH level, 

c) the OE pinis high, and 

d) the CE pin is low. 

Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO-A14 and the data to be programmed is pre- 
sented to pins O0-O7. When data and address are sta- 
ble, a low going pulse on the CE line programs that 
location. 


1.7 Verify 


After the array has been programmed it must be veri- 
fied to ensure all the bits have been correctly pro- 
grammed. This mode is entered when all the following 
conditions are met: 


a) Vcc is at the proper level, 

b) VpP is at the proper VH level, 
c) the CE line is high, and 

d) the OE line is low. 


1.8 Inhibit 


When programming multiple devices in parallel with dif- 
ferent data, only CE need be under separate control to 
each device. By pulsing the CE line low on a particular 
device, that device will be programmed; all other 
devices with CE held high will not be programmed with 
the data, although address and data will be available on 
their input pins. 


1.9 identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin A9Q is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on O0 through O7. 


Pin Pin 


“ Gao 





== VIL 29 
| Device Type* | VIH ; 1O}1/1] 8C 


* Code subject to change 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 


Conditions: (Star) 
Tamb = 25°C +5°C 

Vcc = 6.5 +0.25V 
Vpp = 13.0 +0.25V 


ADDR = First Location 


Vcc = 6.5V 
VppP = 13.0V 


eas 





Program one 100 us pulse 
. Increment X 
Verify Pass 
Byte 
Yes / Device 
Failed 


Last 


Yes 
Address? 


7 


No 


Increment Address 


Vcc = Vpp = 4.5V, 5.5V 


Device \ Yes 
Passed 











All 
bytes 
= original 
data? 


No / Device 
Failed 
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270256 Product Identification System | | 
To order or to obtain information (e.g., on pricing or delivery), please use listed part numbers, and refer to factory or listed sales offices. 


270256 - 90 | /TS 


: L = Plastic Leaded Chip Carrier 
| | P = Plastic DIP (Mil 600) 

Package: SO = Plastic SOIC (Mil 300) 
TS = Thin Small Outline Package (TSOP) 8x20mm 
VS = Very Small Outline Package (VSOP) 8x13.4mm 

Temperature Blank = 0O°C to +70°C 

Range: I = -40°C to +85°C 
E = -40°C to +125°C 
90 = 90ns 
10 = 100ns 

a 12 = 120ns 

me 15 = 150ns 
20 = 200ns 

Device 27C256 256K (32K x 8) CMOS EPROM 
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256K (32K x 8) Low-Voltage CMOS EPROM 





FEATURES 


Wide voltage range 3.0V to 5.5V 

High speed performance 

- 200 ns access time available at 3.0V 

¢ CMOS Technology for low power consumption 
- 8 mA Active current at 3.0V 

- 20 mA Active current at 5.5V 

- 100 pA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 

¢ Auto ID aids automated programming 
Separate chip enable and output enable controls 
High speed “Express” programming algorithm 
Organized 32K x 8: JEDEC standard pinouts 

- 28-pin Dual-in-line package 

- 32-pin PLCC package 

- 28-pin SOIC package 

- 28-pin VSOP package 

- Tape and reel 

Data Retention > 200 years 

Available for the following temperature ranges: 


a 


- Commercial: 0°C to +70°C 
- Industrial: -40°C to +85°C 
DESCRIPTION 


The Microchip Technology Inc. 27LV256 is a low volt- 
age (3.0 volt) CMOS EPROM designed for battery pow- 
ered applications. The device is organized as a 32K x 
8 (32K-Byte) non-volatile memory product. The 
27LV256 consumes only 8 mA maximum of active cur- 
rent during a 3.0 volt read operation therefore improv- 
ing battery performance. This device is designed for 
very low voltage applications where conventional 5.0 
volt only EPROMS can not be used. Accessing individ- 
ual bytes from an address transition or from power-up 
(chip enable pin going low) is accomplished in less than 
200 ns at 3.0V. This device allows systems designers 
the ability to use low voltage non-volatile memory with 
today’s’ low voltage microprocessors and PeHpneleie! in 
battery powered applications. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC, VSOP or SOIC packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. 





PACKAGE TYPES 
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1.0 ELECTRICAL 


CHARACTERISTICS 

1.1. Maximum Ratings* 

Vcc and input voitages w.r.t. VSS ........ -0.6V to +7.25V 
VPP voltage w.r.t. Vss during | 

programming ........ esau iousbieatoiteuvestancccnabeds -0.6V to +14V 
Voltage On AQ W.It. VSS... eecccssteeeeees -0.6V'to +13.5V 
Output voltage w.r.t. VSS... eee -0.6V to Vcc +1.0V 
Storage temperature .............csseeeees -65°C to +150°C 


Ambient temp. with power applied...... -65°C to +125°C 


“Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con- 
ditions for extended periods may affect device reliability. 


TABLE 1-2: 









input Leakage 
Output Leakage 


Input Capacitance 


Output Capacitance 


Power Supply Current, C 
Active 







TTL input 
TTL input 
CMOS input 
* Parts: C=Commercial Temperature Range 

| =Industrial Temperature Ranges 


Power Supply Current, 
| Standby 


ea 








TABLE 1-1: | PINFUNCTION TABLE 


tame [Function 
AO-A14 Address Inputs | 


CE 
OE 












Chip Enable 
Output Enable 





Programming Voltage 
Data Output | 

+5V or +3V Power Supply 
Ground 


No Connection; No Internal 
Connection 







Not Used; No External Connection Is 
Allowed 





READ OPERATION DC CHARACTERISTICS 


Vcc = +5V +10% or 3.0V where indicated | 
Commercial: Tamb= 0O°C to +70°C 
Industrial: 


[rerametr [raw [state [symbot [win [wx [Unie] Condons 


Input Voltages Logic "1" VIH Vcc+1 V 
Logic “O" VIL 0.8 V 
Tar [0 [0 


Output Voltages Logic "1" VOH 
Logic "O" VOL 
ILO 






Tamb = -40°C to +85°C 





VIN=OtoVcc. . 


2.4 V |1OH = -400 pA 
V loL = 2.1 MA 


VouT = OV to Vcc 


pF | VIN = OV; Tamb = 25°C; 
| f= 1 MHz 


Vcc = 5.5V; VPP = Vcc 
f= 1 MHz; 

OE = CE =VIL; 

louT = 0 mA; 

VIL = -0.1 to 0.8V; 

VIH = 2.0 to VCC; 

Note 1 

































10 @ 3.0V 













2 @ 3.0V 
100 @ 3.0V 


CE=Vcc + 0.2V 





mA 
mA 
LA 





Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 


AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; VOH = 2.0V VOL = 0.8V 

Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 10 ns 

Ambient Temperature: Commercial: Tamb = 0O°C to +70°C 
Industrial: aueer = -40°C to +85°C 


27HC256-20 | 27HC256-25 } 27HC256-30 
inna jin | mex [win | max | win [ wax | OTT | 


[Adcress to OutputDelay | cc_| — | 200 | — | 250 | — | 00 | ns |CE-OE-vu | 
a ee 
cero 
Impedance 


Output Hold from 
Address CE or OE, 
whichever goes first 


FIGURE 1-1: READ WAVEFORMS 





Address valid 


oro —e Te cal 


eels AN NLLYV 


Notes: (1) toFF is specified for OE or CE, whichever occurs first = 
(2) OE may be delayed up to tceE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested. 





ES PRT HS TS SEA RS BE ANT A IE 8S RSC NAAT ES TE IE I GATE EH DPI PE BT ET IE I GNI TIO EI IE ED STDS SLT 8S IT LTE EE BITES EIR DEE TEE ITE TEED 
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TABLE 1-4: PROGRAMMING DC CHARACTERISTICS 


Ambient Temperature: Tamb = 25°C + 5°C 
Vcc = 6.5V + 0.25V, VPP = 13.0V + 0.25V 


I i iliac | Symbol | Min Units (OR ect ct 
Input inputVollages SCS Logic’1” VIH 2.0 | Vcc+1 
— Tae -0.1 0.8 


Input inputLeakage = sid VIN = OV to Vcc 


Output Voltages — tt 2.4 V IOH = -400 pA 
Logic”0” VOL 0.45 V loL= 2.1 mA 
| Voc Current, t program & Vcc Current, program & verify | Voc Current, program & verify = — Icc2 


Vpp Current, program =e 


AQ Product Identification 





Note 1: Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP. 


TABLE 1-5: PROGRAMMING AC CHARACTERISTICS 





for Program, Program Verify AC Testing Waveform: ViIH=2.4V and ViIL=0.45V; VOH=2.0V; VOL=0.8V 
and Program Inhibit Modes Output Load: 1 TLL Load + 100pF 

Ambient Temperature: Tamb=25°C+5°C 

Vcc= 6.5V + 0.25V, VPP =13.0V + 0.25V 










Address SotUp Tine | | 
DataSetUpTine —SC~—~—C—s ws SP ps | 
[DetaHodtime ——SC~—~—~*~s tf Pw | 
iss Rong we fo as 





Note 1: For express algorithm, initial programming width tolerance is 100 ps +5%. 
2: This parameter is only sampled and not 100% tested. Output float is defined as the point where data is no 
longer driven (see timing diagram). 


| RT a Sa NE a I SO ee eo CO HP NON CN 2 SES Oe SED 
DS11020F-page 8-36 © 1998 Microchip Technology Inc. 


2/7LV256 





FIGURE 1-2: PROGRAMMING WAVEFORMS 


Program Verify 
VIH et, jul \ 
Address 4 Address Stable ap 
VIL Beto / 
tas 
Vin tAH| |~<—— 






High Z et 


Data 4 <| Data Out Valid [> 


Data Stable 
VIL 





tDF 


(1) 


tbs 


13.0V(2) ri 
VPP 

5.0V 

6.5V(2) tai 
Vcc 

5.0V a—tVCS 
_ VIH aaaics 
CE N V 

‘. few 
_ VIH | __t0E 
OE | . (1) 


topw 
VIL 


_=—_— a 


Notes: (1) toF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc = 6.5V +0.25V, VPP = VH = 13.0V +0.25V for express algorithm 


TABLE 1-6: MODES 











Program VIL VIH VH 
Program Inhibit 










X = Don’t Care 

1.2 Read Mode For Read operations, if the addresses are stable, the 
en _ address access time (tACC) is equal to the delay from 

(See Timing Diagrams and AC Characteristics) CE to output (tce). Data is transferred to the output 

Read Mode is accessed when: after a delay from the falling edge of OE (toe). 


a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output 
pins 
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1.3 Standby Mode 
The standby mode is defined when the CE pin is high 


(ViH) and a program mode is not defined. Output Dis- 


able 


1.4 Output Enable 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


e The OE pin is high and program mode is not 
defined. 


1.5 Programming Mode 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No over-programming 
is required. A flowchart of the express algorithm is 
shown in Figure 1. 


Programming takes place when: 


a) Vcc is brought to the proper voitage 
b) VPP is brought to the proper VH level 
c) the OE pin is high 
d) theCE pinis low 


Since the erased state is “1” in the array, programming 
of “0” is required. The address to be programmed is set 
via pins AO-A14 and the data to be programmed is pre- 
sented to pins O0-O7. When data and address are sta- 
ble, a low-going pulse on the CE line programs that 
location. 


1.6 Verify 


After the array has been programmed it must be veri- 
fied to ensure that all the bits have been correctly pro- 
grammed. This mode is entered when all of the 
following conditions are met: 

a) Vcc is at the proper level 

b) VPP is at the proper VH level 

c) the CE pin is high 

d) the OE line is low 


1.7 Inhibit 


When Programming multiple devices in parallel with dif- 
ferent data, only CE needs to be under separate control 
to each device. By pulsing the CE line low on a partic- 
ular device, that device will be programmed, and all 
other devices with CE held high will not be programmed 
with the data although address and data are available 
on their input pins. 


1.8 Identity Mode 


In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc. and 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at Vit. AO is used to access any of the two non-eras- 
able bytes whose data appears on O0 through O7. 





Manufacturer | VIL 1 i 29 
Device Type* | VIH 0 1 8C 


* Code subject to change. 
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PROGRAMMING EXPRESS ALGORITHM 


Conditions: 

Tamb = 25+/-5C (Start) 
Vcc = 6.5+/-0.25V 
Vpp = 13.0+/-0.25V 


FIGURE 1-3: 


ADDR = First Location 


Vcc = 6.5V 
VpP = 13.0V 





X=0 


Program one 100 us pulse 
Increment X 


Verify Pass 
Byte 


Fail 


fe) Yes / Device 
Failed 
Last 
Address? 


Increment Address 
Vcc = Vpp = 4.5V, 5.5V 


All 














Device \Yes / bytes \ No/Device 
Passed = original Failed 
data? 





‘ , 5 : . — STR 
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271V256 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


27LV256 -— 25 | /P 


= 
Package: E 


SO 


Plastic Leaded Chip Carrier 
Plastic DIP (600 Mil) 
Plastic SOIC (300 Mil) 


VS Very Small Outline Package (VSOP) 8X13.4mm 
Temperature Blank = 0°C to +70°C 
Range: I = -40°C-to +85°C 
20 = 200ns 
— 25 = 250ns 
ee 30 = 300ns (SOIC only) 
Device: 27LV256 256K (32K x 8) Low-Voltage CMOS EPROM 
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MICROCHIP 27C51 2A 


312K (64K x 8) CMOS EPROM 











FEATURES PACKAGE TYPES 
¢ High speed performance SOF 
¢ CMOS Technology for low power consumption cae \ 
- 25 mA Active current re 
= 30 pA Standby current pip 
¢ Factory programming available a 27C512A 
¢ Auto-insertion-compatible plastic packages Me | 
¢ Auto ID aids automated programming feun- 
¢ High speed express programming algorithm M13 Pa 
° Organized 64K x 8: JEDEC standard pinouts ie 
- 28-pin Dual-in-line package PLCC 


- 32-pin PLCC Package 

- 28-pin SOIC package 

- 28-pin TSOP package 

- 28-pin VSOP package 

- Tape and reel 

Data Retention > 200 years | 
Available for the following temperature ranges 


- Commercial: 0°C to +70°C 
- Industrial: © -40°C to +85°C DIP/SOIC 
- Automotive: -40°C to +125°C 

DESCRIPTION 


The Microchip Technology Inc. 27C512A is a CMOS 
512K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized into 64K words by 
8 bits (64K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 90 ns. ‘This 
very high speed device allows the most sophisticated 
microprocessors to run at full speed without the need 
for WAIT states. CMOS design and processing 
enables this part to be used in systems where reduced 


27C512A 








power consumption and high reliability are require- | vsop 
ments. 
A complete family of packages is offered to provide the ech bo ae Figs a 
most flexibility in applications. For surface mount appli- A924 / 419 07 
cations, PLCC, VSOP, TSOP or SOIC packaging is oe ee ee 
available. Tape or reel packaging is also available for Ai4 27 : os 
PLCC or SOIC packages. eee 270512A ane 
3: A112 2 13 02 
A7 3 12 O1 
A6 4 11 00 
AS 5 10 AO 
A4 6 Fa 9 AI 
A383 7 8 A2 
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1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE 

1.1. | Maximum Ratings* 

Vcc and input voltages w.r.t. VSS ........ -0.6V to +7.25V | Address Inputs 

VPP voltage w.r.t. Vss during |. GE. |Chip Enable 

PFOQFAMIMING ..........cesccessrceeseeceesseeeeeseners -0.6V to +14V ‘ety 
Voltage on AQ W.F.t. VSS... eeeseeeteees -0.6V to +13.5V OUlpur Enver reg arming: yotage 
Output voltage W.r.t. VSS...sssseeeseeee. -0.6V to Voc +1.0V : Data Output 

Storage temperature .......cccceceseseees -65°C to +150°C +5V Power Supply 

Ambient temp. with power applied......-65°C to +125°C Ground 

*Notice: Stresses above those listed under “Maximum Ratings” No Connection: No Internal Connec- 
may cause permanent damage to the device. This is a stress rat- tion 

ing only and functional operation of the device at those or any 

other conditions above those indicated in the operation listings of Not Used; No External Connection is 
this specification is not implied. Exposure to maximum rating con- Allowed 





ditions for extended periods may affect device reliability. 


TABLE 1-2: READ OPERATION DC CHARACTERISTICS 


Vcc = +5V +10% 

Commercial: Tamb= O°C to +70°C 
Industrial: Tamb = -40°C to +85°C 
Extended (Automotive): | Tamb = -40°C to +125°C 


ae 
‘input Voltages Cd Voltages Logic "1" 

ccna "0" 
Input jInputLeakage | acs WiewOte Ves 


Output Voltages Logic — : — IOH = - 400 pA 
— "oO" a s 45 pee ee =2.1mA 


Output [Output Leakage SA | VOUT = OV to lVouT=OVtoVec 


Input Capacitance pF | VIN = OV; Tamb = 25°C; 
f= 1 MHz 
-| Output Capacitance Court pF | VouT = OV; Tamb = 25°C; 
f= 1 MHz 


Power Supply Current, TTL input Icc mA | Vcc = 5.5V 
Active TTL input Icc f = 1 MHz; 
| OE/Vpp = CE = VIL; 
louT = 0 mA; | 
Vit = -0.1 to 0.8V; 
VIH = 2.0 to VCC; 


Power Supply Current, TTLinput | ICc(S)TLL 
Standby TTLinput | ICC(S)TLL : 
CMOS input | Icc(s)cMos 30 


* Parts: C=Commercial Temperature Range; |, E=Industrial and Extended Temperature Ranges 
Note 1: Typical active current increases .75 mA per MHz up to operating frequency for all temperature ranges. 
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TABLE 1-3: READ OPERATION AC CHARACTERISTICS 


AC Testing Waveform: VIH = 2.4V and VIL = .45V; VOH = 2.0V and VOL = 0.8V 

Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 10ns 

Ambient Temperature: Commercial: Tamb= 0°C to +70°C 
Industrial: Tamb = -40°C to +85°C 
Extended (Automotive): Tamb = -40°C to +125°C 


7 | 27€0512-90* | 27C512-10* | 27C512-12 | 27C512-15 
Parameter Conditions 


Address to Output 
Delay 


CE to Output Delay 


OE to Output Delay 


OE to Output High 
Impedance 


Output Hold from 
Address, CE or OE/ 
Vpp, whichever 
occurred first 


*90/10 AC Testing Waveforms: ViIH = 3.0V and VIL = OV; VOH = 1.5V and VoL = 1.5V 
Output Load: 1 TTL Load + 30 pF 


FIGURE 1-1: READ WAVEFORMS 


VIH , 
Address | < Address Valid > 


VIL 


_. VIH 
CE 
VIL 
_ VIH : : 
OE 


VIL tOFF(1,3) 
tOH 


VOH 























Notes: (1) torr is specified for OE or CE, whichever occurs first —_ 
(2) OE may be delayed up to tceE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested. 
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TABLE 1-4: | PROGRAMMING DC CHARACTERISTICS 











Ambient Temperature: Tamb = 25°C + 5°C 
Vcc = 6.5V + 0.25V, OE/Vpp = VH = 13.0V + 0.25V 


| Status Symbol! Conditions ert ekoled acces a Note 1) 


ee lilacs 


Input [inputVotages Logic “1” ViH Vcoc+1 
a “0” | < cs 8 
Input jInputLeakage eee | pA |VIN=OVtoVec OV to Vcc 
Output Voltages Logic — u —_ | V | JOH = -400 HA 
emery as “0” VOL 0.45 V|loc= 2.1mA 


ae ee ol 
[a9 Product ericaten | — | wo [ns[ws| v | 


Note 1: Vcc must be applied simultaneously or before VpP voltage on OE/VppP and removed simultaneously or after 
the VPP voltage on OE/Vpp. 



















TABLE 1-5: © PROGRAMMING AC CHARACTERISTICS 









for Program, Program Verify 
and Program Inhibit Modes 


AC Testing Waveform: ViH=2.4V and ViIL=0.45V; VOH=2.0V; VOL=0.8V 
Ambient Temperature: 25°C +5°C 
Vcc = 6.5V + 0.25V, OE/Vpp = VH = 13.0V + 0.25 V 


(Parmeter | Symbol [tn [es [unto] Rome 
crew Socuptme Ps Pe PO 
pusseruptime ———SS~S~S ts fe Pe | 
aatcgtme SSSCS~sC Pe PP | 
tueseHodtine —SSSCS~im ff | 
eatbony@ —SSSCS~Sstr | ff me | 
vocsetuptine —SSCSCS~S tes fe Ps | 
Program Pulse Wah () Tow [a6 | 105 | ue [Toone wpa 
IE set-up Tie Tees [2 [—-[w) 
[BEseuptime —SSSCS~S~s toes fe | Pw 
DEroaTe —SSSC~d tm | Pe | 
[BERecoeytme SSSCS~tm fe Te | 
[DE vee Rise Time Ouing Progamming [wer [so [—| mm] 


Note 1: For express algorithm, initial programming width tolerance is 100 ps +5%. 
2: This parameter is only sampled and not 100% teted. Output float is defined as the point where data is no 
longer driven (see timing diagram). 
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FIGURE 1-2: PROGRAMMING WAVEFORMS (1) 





Program 


VIH 
4 Address Stable 
Address VIL 


VIH tAs 


Data VIL 4 Data In Stable ae 
tDH | 
6.5 V (3) 


Vcc 5.0V 
VIH tVCS tPW 


CE VIL 
tCES tOES \ J tOEH 


rae ek 


OE/V PP tOPw 
VIL 


tPRT 


Notes: (1) The input timing reference level is 0.8V for Vit and 2.0V for VIH. 
(2) tDF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5V +0.25V, VPP = VH = 13.0V +0.5V for express programming algorithm. 


TABLE 1-6: MODES 





Identity VIL VIL 

X = Don’t Care 

1.2 Read Mode For Read operations, if the addresses are stable, the 
ee ae address access time (tACC) is equal to the delay from 

(See Timing Diagrams and AC Characteristics) CE to output (tce). Data is transferred to the output 

Read Mode is accessed when after a delay (toe) from the falling edge of OE/Vep. 


a) the CE pin is low to power up (enable) the chip 


b) the OE/VPP pin is low to gate the data to the 
output pins 
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1.3 Standby Mode 


The standby mode is entered when the CE pin is high, 
and the program mode is not identified. 


When this conditions are met, the supply current will 
drop from 25 mA to 30 pA. 


1.4 Output Enable OE/Vpp 


This multifunction pin eliminates bus connection in mul- 
tiple bus microprocessor systems and the outputs go to 
high impedance when: 


¢ the OE/VpP pin is high (Vik). 


When a VH input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 


1.5 Erase Mode (UV Windowed Versions) 


Windowed products offer the ability to erase the mem- 
ory array. The memory matrix is erased to the all “1's” 
state as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/ 
cm? is required. This means that the device window 
must be placed within one inch and directly underneath 
an ultraviolet lamp with a wavelength of 2537 Ang- 
stroms, intensity of 12,000 mW/cm? for approximately 
40 minutes. 


1.6 Programming Mode 


The Express algorithm must be used for best results. It 
has been developed to improve programming yields 
and throughput times in a production environment. Up 
to 10 100-microsecond pulses are applied until the byte 
is verified. A flowchart of the Express algorithm is 
shown in Figure 1-3. 


Programming takes place when: 
a) Vcc is brought to the proper voltage, 


b) .OE/Vpp is brought to the proper VH level, and 
c) CE line is low. 





Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO - A15 and the data to be programmed is 
presented to pins OO - O7. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 


1.7 Verify 


After the array has been programmed it must be veri- 
fied to ensure all the bits have been correctly pro- 
grammed. This mode is entered when ail the following 
conditions are met: 


a) Vcc is at the proper level, 
b) the OE/vpP pin is low, and 
c) the CE line is low. 


1.8 = Inhibit 


When programming multiple devices in parallel with dif- 
ferent data, only CE needs to be under separate control 
to each device. By pulsing the CE line low on a partic- 
ular device, that device will be programmed; all other 
devices with CE held high will not be programmed with 
the data (although address and data will be available 
on their input pins). 


1.9 Identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and the 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE/Ver lines must 
be at ViL. AO is used to access any of the two non-eras- 
able bytes whose data appears on O0 through O7. 


Pin | Pin | 


=— VIL 
Device Type* | VIH 


* Code subject to change 






AE SL ST PTS RI I EH ESS TE I ETE DE LS I IIE I — 3 7 
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FIGURE 1-3: PROGRAMMING EXPRESS ALGORITHM 
Conditions: 

Tamb = 25°C +5°C 
Vcc = 6.5 +0.25V 

Vpp = 13.0 +0.25V 






ADDR = First Location 
Vcc = 6.5V 
Vpp = 13.0V 


Program one 100 us pulse 
Increment X 


Verify Pass 
Byte 


Yes / Device 

Failed 
Last Yes 
Address? 


No 
increment Address 


Vcc = Vpp = 4.5V, 5.5V 


Device \ Yes 
Passed 












All 
bytes 
= original 
data? 


No Device 
Failed 





SS SS a a 
© 1998 Microchip Technology Inc. 
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27C512A Product Identification System 


To order or to obtain information (e.g., on pricing or delivery),, please use listed part numbers, and refer to factory or listed sales offices. 


27C512A — 70 | /P 


Plastic Leaded Chip Carrier 

Plastic DIP (600 Mil) 

Plastic SOIC (300 Mil) 

Thin Small Outline Package(TSOP) 8x20mm 
Very Small Outline Package(VSOP) 8x13.4mm 


Package: 


0°C to +70°C 
-40°C to +85°C 
-40°C to +125°C 


Temperature 
Range: 


90ns_. 
100 ns 
120 ns 
150 ns 


Access 
Time: 


Device: 27C512A 512K (64K x 8) CMOS EPROM 





/ 
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MICROCHIF 3/LV36/65/128 


36K, 64K, and 128K Serial EPROM Family 








FEATURES | PACKAGE TYPES 
oe ae | 


° Operationally equivaient io Xilinx® XCi766 family PDIP 
Wide voltage range 3.0 V to 6.0 V 
*« Maximum read current 10 mA at 5.0 V 
¢ Standby current 100 yA typical 
Industry standard Synchronous Serial Interface/ 
1 bit per rising edge of clock RESET/OE [13 
Full Static Operation 
Sequential Read/Program 
Cascadable Output Enable 
¢ 10 MHz Maximum Clock Rate @ 5.0 Vdc 
Programmable Polarity on Hardware Reset 
Programming with industry standard EPROM pro- 
grammers 
Electrostatic discharge protection > 4,000 volts 
8-pin PDIP/SOIC and 20-pin PLCC packages 
Data Retention > 200 years 
¢ Temperature ranges: 

- Commercial: 0°C to +70°C 

- Industrial: -40°C to +85°C 


DESCRIPTION 


The Microchip Technology Inc. 37LV36/65/1 28 is a fam- 
ily of Serial OTP EPROM devices organized internally 
in a x32 configuration. The family also features a cas- 
cadable option for increased memory storage where 
needed. The 37LV36/65/128 is suitable for many appli- 
cations in which look-up table information storage is 
desirable and provides full static operation in the 3.0V 
to 6.0V Vcc range. The devices also support the indus- 
try standard serial interface to the popular RAM-based 
Field Programmable Gate Arrays (FPGA). Advanced 
CMOS technology makes this an ideal bootstrap solu- 
tion for today's high speed SRAM-based FPGAs. The 
37LV36/65/128 family is available in the standard 8-pin 
plastic DIP, 8-pin SOIC and 20-pin PLCC packages. 


37LV36 36,288 1134 x 32 
37LV65 65,536 2048 x 32 
371V128 | 131,072 4096 x 32 





BZLAIZE 
S9ATLE 
SEALE 
















ADDRESS 
Counter 


Xilinx is a registered trademark of Xilinx Corporation. 
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10 ELECTRICAL CHARACTERISTICS TABLE 1-1: PIN FUNCTION TABLE | 


Vcc and input voltages w.r.t. VSS .......... -0.6V to +0.6V DATA Data I/O 
VpP voltage w.r.t. VSs during CLK Clock Input 
PFOGTAMIMING ........ccccccseseeceerseseeerseeeeee -0.6V to +14.0V oe |r , 
Output voltage w.r.t. VSS... eee -0.6V to Vcc +0.6V RESECE tania npubane-Culput 
Storage temperature ................008 vee 65°C to +150°C 
ag ‘ . : ; Chip Enable Input 
Ambient temp. with power applied...... -65°C to +125°C A 
Soldering temperature of leads (10 sec.)......... +300°C pune | 
ESD protection on alll pins .........cccccsescssesssssececseeee >4kV Chip Enable Output 
*Notice: Stresses above those listed under “Maximum Ratings” Programming Voltage Supply 
may cause permanent damage to the device. This is a stress rat- 
ing only and functional operation of the device at those or any +3.0V to 6.0V Power Supply 


other conditions above those indicated in the operation listings of 
this specification is not implied. Exposure to maximum rating con- 
ditions for extended periods may affect device reliability. 





Not Labeled | Not utilized, not connected 


TABLE 1-2: READ OPERATION DC CHARACTERISTICS 













Vcc = +3.0 to 6.0V 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 












DATA, CE, CEO and Reset 7 al 
High level input voltage 

Low level input voltage 

High level output voltage 





















IOH = -4 MA Vcc 2 4.5V 
IOH = -4 MA Vcc >= 3.0V 
{loL= 4.0mA 


lvin = = .1V to VCC 
VouT = .1V to Vcc 


Tamb = 25°C; FoLk = 1 MHz (Note 1) 









Low level output voltage 


Output Leakage 


Input Capacitance 
(all inputs/outputs) | 
at ste 


Note 1: This parameter is initially characterized and not 100% tested. 











Operating Current 






Vcc = 6.0V, CE = 5.8V 
Vcc = 3.6V, CE =3.4V 
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2.0 DATA 
2.1 Data I/O 


Three-state DATA output for reading and input during 
programming. 


3.0 CLK 


3.1 Clock Input 


Used to increment the internal address and bit 
counters for reading and programming. 


4.0 RESET/OE 


4.1 Reset Input and Output Enable 


A LOW level on both the CE and RESET/OE inputs 
enables the data output driver. A HIGH level on 
RESET/OE resets both the address and bit counters. 
In the 37LVXXX, the logic polarity of this input is pro- 
grammable as either RESET/OE or OE/RESET. This 
document describes the pin as RESET/OE although 
the opposite polarity is also possible. This option is 
defined and set at device program time. 


5.0 CE 
5.1 Chip Enable Input 


CE is used for device selection. A LOW level on both 
CE and OE enables the data output driver. A HIGH 
level on CE disables both the address and bit counters 
and forces the device into a low power mode. 


6.0 CEO 
6.1 Chip Enable Output 


This signal is asserted LOW on the clock cycle follow- 
ing the last bit read from the memory. It will stay LOW 
as long as CE and OE are both LOW. It will then follow 
CE until OE goes HIGH. Thereafter, CEO will stay 
HIGH until the entire EPROM is read again. This pin 
also used to sense the status of RESET polarity when 
Programming Mode is entered. 


7.0 VPP 
7.1 Programming Voltage Supply 


Used to enter programming mode (+13 volts) and to 
program the memory (+13 volts). Must be connected 
directly to Vcc for normal Read operation. No over- 
shoot above +14 volts is permitted. 





8.0 CASCADING SERIAL EPROMS 


Cascading Serial EPROMs provide additional memory 
for multiple FPGAs configured as a daisy-chain, or for 
future applications requiring larger configuration mem- 
ories. 


When the last bit from the first Serial EPROM is read, 
the next clock signal to the Serial EPROM asserts its 
CEO output LOW and disables its DATA line. The sec- 
ond Serial EPROM recognizes the LOW level on its CE 
input and enables its DATA output. 


When configuration is complete, the address counters 
of all cascaded Serial EPROMs are reset if RESET 
goes LOW forcing the RESET/OE on each Serial 
EPROM to go HIGH. If the address counters are not to 
be reset upon completion, then the RESET/OE inputs 
can be tied to ground. 


Additional logic may be required if cascaded memories 
are so large that the rippled chip enable is not fast 
enough to activate successive Serial EPROMs. 


9.0 STANDBY MODE 


The 37LVXXX enters a low-power Standby Mode 
whenever CE is HIGH. In Standby Mode, the Serial 
EPROM consumes less than 100 LA of current. The 
output will remain in a high-impedance state regardless 
of the state of the OE input. 


10.0 PROGRAMMING MODE 


Programming Mode is entered by holding VPP HIGH 
(+13 volts) for two clock edges and then holding VPP = 
VobD for one clock edge. Programming mode is exited 
by driving a LOW on both CE and OE and then remov- 
ing power from the device. Figures 4 through 7 show 
the programming algorithm. 


11.0 37LVXXX RESET POLARITY 


The 37LVXXxX lets the user choose the reset polarity as 
either RESET/OE or OE/RESET. Any third-party com- 
mercial programmer should prompt the user for the 
desired reset polarity. 


The programming of the overflow word should be han- 
died transparently by the EPROM programmer; it is 
mentioned here as supplemental information only. 


The polarity is programmed into the first overflow word 
location, maximum address+1. OO0000000 in these 
locations makes the reset active LOW, FFFFFFFF in 
these locations makes the reset active HIGH. The 
default condition is RESET active HIGH. 


a nn nn EEA BP I SE SA DP SS SS SEE I I I I EET ELE EE DEE PTR EBLE EES I SEED SI EO NAEP BED REE I ETD EAE DIT SE ETE SIE AL LENE TTT EEL EEE TTS 
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FIGURE 11-1: READ CHARACTERISTICS TIMING 


<_ 
ITSCE! trick 


RESET/OE 





TABLE 11-1: READ CHARACTERISTICS 












AC Testing Waveform: VIL = 0.2V; VIH = 3.0V 
AC Test Load: 50 pF 
VOL = VOL_MAX; VOH = VOH_MIN 


Limits 3.0V < Limits 4. Loe < 
Vcc < 6.0V Loe < 6.0V Conditions 





™ 


a or 
[Ton [Det ca tom OE OE or Uk 
[Tor [oe erde eons rewtoeey | 
a 
ss 





” 


—[e {=e [= pews 


TscE | CE Set up Time to CLK 

(to guarantee proper counting) 
TsceD CE setup time to CLK | 

(to guarantee proper DATA read) 
THCE | CE Hold Time to CLK 

(to guarantee proper counting) 
THCED | CE hold time to CLK 

_ | (to guarantee proper DATA read) 

THOE | OE High Time | 

(Guarantees counters are Reset) 


[aiken [orckreneny SSE = Ps | — | [we 


Note 1: This parameter is periodically sampled and not 100% tested. 
2: Float delays are measured with output pulled through 1kQ to VLOAD = Vcc/2. 
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FIGURE 11-2: READ CHARACTERISTICS AT END OF ARRAY TIMING 


RESET/OE 
CLK —__ 3 
T CDF 
DATA LAST BIT FIRST BIT 


TOCK ro <4— TOOE 
CEO 


TOCE—> | | | T OCE 


TABLE 11-2: READ CHARACTERISTICS AT END OF ARRAY 










AC Testing Waveform: Vit = 0.2V; VIH = 3.0V 
AC Test Load: 50 pF 
VOL = VOL_MAX; VOH = VOH_MIN 


Limits 3.0V <Vcc < | Limits 4.5V <Vcc < 
Parameter 6.0V | 6.0V 


Teor [oixiebataFoatbeay | — | [| — | s | me | Nowe 
Frock [ctxt teObey | — |e | — [| | ~ | 
Proce [CEwteOo%y | — |» | — | | | 
[oor [RESETIOE web | —- | = | - | | ~ | 


Note 1: This parameter is periodically sampled and not 100% tested. 
2: Float delays are measured with output pulled through 1kQ to VLOAD = Vcc/2. 












a TA IT I TE I EE TE SE A A TE I EI TE LE SOS II ECL TT IR EET SEE PES IE LI NEE IE ELAS 
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TABLE 11-3: PIN ASSIGNMENTS IN THE PROGRAMMING MODE 


in 
| eee Fie. the rising edge “The rising edge of the clock shifts a data word in or out of the | the clock shifts a data word in or out of the 
EPROM one bit at a time. 
Clock Input. Used to increment the internal address/word 
counter for reading and programming operation. 


RESET/OE The rising edge of CLK shifts a data word into the EPROM 
when CE and OE are HIGH; it shifts a data word out of the 
EPROM when CE is LOW and OE is HIGH. The address/ 
word counter is incremented on the rising edge of CLK while 
CE is held HIGH and OE is held LOW. 
Note 1: Any modified polarity of the RESET/OE pin is 

ignored in the programming mode. 
4 CE 


The rising edge of CLK shifts a data word into the EPROM 
when CE and OE are HIGH; it shifts a data word out of the 
EPROM when CE is LOW and OE is HIGH. The address/ 
word counter is incremented on the rising edge of CLK while 
CE is held HIGH and OE is held LOW. 


a 


The polarity of the RESET/OE pin can be read by sensing the 
CEO pin. 


Note 1: The polarity of the RESET/OE pin is ignored while in 
the Programming Mode. In final verification, this pin 
must be monitored to go LOW one clock cycle after 
the last data bit has been read. 






























Programming Voltage Supply. Programming Mode is entered 
by holding CE and OE HIGH and Vpp at VPP1 for two rising 
clock edges and then lowering VPP to VPP2 for one more ris- 
ing clock edge. A word is programmed by strobing the device 
with Vep for the duration TPGM. Vep must be tied to Vcc for 
‘normal read operation. 































+5 V power supply input. 


SE EE LE TE LE LT TTT LT ET BT EN aT TE IRE TE ES I TE SL EIA I EE ITE ADE TT ET ITT IG IR TEE TE BE I OTT LE DD 
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TABLE 11-4: DC PROGRAMMING SPECIFICATIONS 




















Symbol | Parameter Ambient Temperature: Tamb = 25°C +5°C 

























Max 
VOL Low-level output voltage — 0.4 V 
[eer | Suppiyeurentin Programming Mode ——=SSSSd OO | mA 
[input orouputieskage curent ——=SSS*~*~<~*~‘“RCSOSC*YSC 
[Vest [Fst pass Lowievelsupplyvotage‘ortnalvericaion | 26 | 30 | Vv 
Second pass High-level supply voltage for final verification | 64 | 66 | vi | 











| * No overshoot is permitted on this signal. VPP must not be allowed to exceed 14 volts. 


TABLE 11-5: AC PROGRAMMING SPECIFICATIONS (SEE NOTE 2) 


Limits 






Parameter 


10% to 90% Rise Time of VPP 
90% to 10% Fall Time of VPP 1 
s 
ing/Verifyi 100 

| 100 

200 


c 
77) 


{ 


oO 
oO 


c 
o 


Note 1 
Note 1 






3 
7) 


E 


Data Hold from CLK 
CE Low to Data Valid 


Note 1: This parameter is periodically sampled and not 100% tested. 


Note 2: While in Programming Mode, CE should only be changed while OE is HIGH and has been HIGH for 200 ns, 
and OE should only be changed while CE is HIGH and has been HIGH for 200 ns. 


4 


oO 


0 
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FIGURE 11-3: ENTER AND EXIT PROGRAMMING MODES 


Enter Mode Exit Mode 
Voc / Vecp | | 
7 : Vpp2 ! : 
VPP ia VPP t ‘ 
Vv Vecp | | Vss 
iis TRPP TFPP Voc ee ae 
Tsvc | | Vss 
THVc Tsvcl- >| ims 
CLK CE ee, 
| Vss 
pata _ I 
=e RESET/OE \ an 
cE | | 
TSVOE CLK x | 
RESET/OE | ) Vss 
FIGURE 11-4: PROGRAMMING CYCLE OVERVIEW (NO VERIFY UNTIL ENTIRE ARRAY IS 


PROGRAMMED) 


Vcc = VccPp 





CE 
RESET/OE 


CEO 


FIGURE 11-5: 


CLK 
DATA 
CE 


RESET/OE 


Enter 500 ps 
Programming Programming 
Mode Mode 


500 us 
Programming 
Mode 


**Load 
Word 1 
CE low to clear 


| a data latches _4 


**Load 
Word 2 


2 CLKS 


ac High if RESET/OE configured 


* 


** 32 Clocks 


DETAILS OF PROGRAM CYCLE 


Clear PROM | 


Internal Data , a 
Latches 


Load PROM 
Internal 


Data Latches 





*Note: The programmer must float the data pin while 


CE is low to avoid bus contention 
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37LV36/65/128 





FIGURE 11-6: READ MANUFACTURER AND DEVICE ID OVERVIEW 


Programming 37LV128 needs 4104 clock 
; needs $s 
Mode Clock past user memory array to ID location to aes needs 2056 clocks) 


7 Ciocks To 8 Clocks To 
Read Read Device ID 
Manufacturer ID 


a 


RESET/OE | | | | 
CEO | | \ ~ High if RESET/OE configured fa” Low if RESET/OE configured 


LSB first 


29 Hex 37LV128 = 72 Hex 
37LV65 =71 Hex 
37LV36 = 70 Hex 





FIGURE 11-7: DETAILS OF READ MANUFACTURER AND DEVICE ID 
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FIGURE 11-8: 37LVXXX PROGRAMMING SPECIFICATIONS 

Check Device ID | 
Device Power Off 
Device Power On 

Enter Programming Mode 

1. Vcoc=Vccp Vpp =VpP2 CE = OF = VIH 


2. VpP=VPpP1 for 2 CLK Rising Edges 
3. VPP =VPP2 for 1 CLK Rising Edge 

























32 bit data word to be 
programmed = 
FFFFFFFFhex 





CE low to clear 
EPROM internal data 
latches 


Load 32-bit word to be 
programmed 


Pulse VPP to VPP1 
(13V) for Tpgm 
(500 1s) 






Increment Address | 
Counter 


Exit Programming Mode 
Device Power Off 


Device Power On 








Verify 
All Data Bits (Read Mode) 

Voc = VpP =VccL and 
Vcc = VPP = VCCH 


Yes ot Pas? Fail 


No 
Pass 
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NOTES: 
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37LV36/65/128 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


37LV36/65/128 — 





i P = Plastic DIP, 8 iead 
Package: SN = Plastic SOIC (150 mil Body), 8 lead 
L = Plastic Leaded Chip Carrier (PLCC), 20 lead 


Temperature Blank = 0°C to +70°C 
Range: I = -40°C to +85°C 


Blank = Tube 
T = Tape and Reel 


37LV128 128K Serial EPROM 
Device: 37LV65 64K Serial EPROM 
37LV36 36K Serial EPROM 


Shipping: 
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MICROCHIP 


MEMORY PRODUCTS 





EPROM Programming Guide 





All Microchip EPROMs should be programmed using 
the Express algorithm (shown on reverse side). Other 
algorithms can cause high programming fallout and 
even retention failures due to undue stress on the 


chips. This list will be updated as information becomes 
available. Programmer models and revisions shown 
are subject to change by the manufacturers at any time. 


[—wentecurer [ woasi[_Sotwarenev [Sue 





DATA I/O 
DATA I/O 











STAG 






STAG 
ELAN 


ELAN 
EPRO 
LOGIC DEVICES 






















ADAPTERS 


PLCC-to-DIP 


Emulation Technology 
32-28-01-P600 


TSOP-to-DIP 
Emulation Technology 

















LOGIC DEVICES GangPro 8+ 
LOGIC DEVICES GangPro S 
LOGIC DEVICES GangPro S, 
LOGIC DEVICES Husky 
BYTEK Multitrk-4000 


BP MICROSYSTEMS 


$1000 
29B 






















PP42 


PP39 


5000/932 
Turbo 


5000/932 
Model 124 
AllPro 88, 40 


1148,1200 


AS-32-28-02TS-6ENP-GANG-S 


Emulation Technology 


Phone 408-982-0660, FAX 408-982-0664 






24 or 25 
24 






DATA I/O 288 1.0 
DATA I/O 2900 1.15-1.2;- 1.7 
DATA I/O 3900 1.0, 1.4 
DATA I/O Autosite 1.0, 1.5 
DATA I/O Unisite 3.0, 3.1, 3.2 


8.0 

























Verified Express 

Verified Express 

Vendor specifies Express 
Vendor specifies Express 
Vendor specifies Express 
Vendor specifies Express 
Vendor specifies Express 


Verified close to Express, but user must manually 
select double-voltage verify 


Same 
Vendor specifies Express 





















Vendor specifies Express 
User-programmable to Express 


Express AND Low Voltage Support 
No Express support for Windows version (Exar) 


Vendor specifies Express on latest release 
Fast, Rapid only 
Vendor specifies Express on latest release 
Fast, Rapid only 
Vendor specifies Express on latest release 
Vendor specifies Express on latest release. 
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EXPRESS ALGORITHM 


Conditions: Start ) 

Tamb = 25°C +5°C 

Vcc = 6.5 +0.25V 

VPP = 13.0 +0.25V ADDR = First Location 
Vcc = 6.5V 


Vepp = 13.0V 
Program one 100 pus pulse 
' Increment X 


Verify Pass 
Byte 


~ Fail 


o 
Last 

\, Address? / 
No 


Increment Address 
Vcc = Vpp = 4.5V, 5.5V 









Device 
Failed 












All 
Device bytes No Device 
Passed = original Failed 


data? 
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SECTION 9 
DEVELOPMENT TOOLS 


On-Line Support Microchip Internet Connections .................cscscccccccesseeceecceeeeesseescetsnsnseceeceneaessseeeeess 9-1 
Total Endurance™ Microchip Serial EEPROM Endurance Model ..............ccccssssececccceeeceeeeeesenesseeeesees 9-3 
Microchip Serial EEPROM Designet’s Kit «0.00.0... ...cceeseeeceeesseeeeeeteeteseeseseeeeenessaaees 9-5 
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ON-LINE SUPPORT 





Microchip Internet Connections 





ON-LINE SUPPORT 


Microchip provides on-line support on the Microchip 
World Wide Web (WWW) site. 


The web site is used by Microchip as a means to make 
files and information easily available to customers. To 
view the site, the user must have access to the Internet 
and a web browser, such as Netscape or Microsoft 
Explorer. Files are also available for FTP download 
from our FTP site. 


Connecting to the Microchip Internet Web Site 


The Microchip web site is available by using your 
favorite Internet browser to attach to: 


www.microchip.com 


The file transfer site is available by using an FTP ser- 
vice to connect to: 


ftp:/Atp.futureone.com/pub/microchip 


The web site and file transfer site provide a variety of 
services. Users may download files for the latest 
Development Tools, Data Sheets, Application Notes, 
User's Guides, Articles and Sample Programs. A vari- 
ety of Microchip specific business information is also 
available, including listings of Microchip sales offices, 
distributors and factory representatives. Other data 
available for consideration is: 


Latest Microchip Press Releases 


Technical Support Section with Frequently Asked 
Questions 


Design Tips 

Device Errata 

Job Postings 

Microchip Consultant Program Member Listing 


Links to other useful web sites related to 
Microchip Products 


Conferences for products, Development Systems, 
technical information and more 


Listing of seminars and events 
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Systems Information and Upgrade Hot Line 
The Systems Information and Upgrade Line provides 
system users a listing of the latest versions of all of 
Microchip's development systems software products. 
Plus, this line provides information on how customers 
can receive any currently available upgrade kits.The 
Hot Line Numbers are: 

1-800-755-2345 for U.S. and most of Canada, and 


1-602-786-7302 for the rest of the world. 
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System Support 
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TOTAL ENDURANCE™ 








Microchip Serial EEPROM Endurance Model 





FEATURES 


¢ IBM® PC compatibility 

¢ Windows® 3.1 or DOS 3.1 compatibility 
¢ Automatic or manual recalculation 

¢ Real-time update of data 

¢ Full-screen or windowed graphical view 
¢ Hypertext on-screen help 

¢ Key or slide-bar entry of parameters 

e On-screen editing of parameters 

¢ Single-click copy of plot to clipboard 

¢ Numeric export to delimited text file 

¢ On-disk Endurance Tutorial 


© 1998 Microchip Technology Inc. 


SYSTEM REQUIREMENTS 


¢ DOS 3.1 or higher 

¢ Windows 3.1 

¢ 1MB memory 

¢ 386 or 486 processor recommended 
e Math coprocessor recommended 


DEVICE SUPPORT 


° Microchip 2-wire 24CXX/24LCXXB/24AAXX/ 
85CXX 
e Microchip 3-wire 93CXX/93LCXX/93AAXX Series 


¢ Microchip 4-wire 59C11 


DS21074E-page 9-3 


O 
4) 
< 
© 
e) 
oe) 
= 
9?) 
a) 
(el 





Total Endurance™ 





DESCRIPTION 


Microchip’s revolutionary Total Endurance Model 
provides electronic systems designers with 
unprecedented visibility into Serial EEPROM-based 
applications. This advanced software model (with a 
very friendly user interface) eliminates time and 
guesswork from Serial EEPROM-based designs by 
accurately predicting the device’s performance and 
reliability within a user-defined application 
environment. Design trade-off analysis which formerly 
consumed days or weeks can now be performed in 
minutes...with a level of accuracy that delivers a truly 
robust design. 


Users may input the following application parameters: 


e Serial EEPROM device type 

¢ Bytes to be written per cycle 

¢ Cycling mode - byte or page 

© Data pattern type - random or worst-case 

¢ Temperature in °C 

¢ Erase/Write cycles per day 

¢ Application lifetime or target PPM level 

The model will respond with FIT rate, PPM level, 
application life and a plot of the PPM level vs. number 


of cycles. The model is available in aM) DOS and 
Windows versions. 


BACKGROUND 


Microchip's research into the Erase/Write endurance of | 


Serial EEPROMs has resulted in the conclusion that 
endurance depends upon three primary effects: the 
physical properties of the EEPROM cell, the internal 
error-correction technology employed, and. the 
application environment. EEPROM endurance 
specified as a “typical” value in device data sheets 
must therefore be evaluated on a case-by-case basis, 
taking into account the manner in which the device will 
be used in the application. The Microchip Total 
Endurance™ software applies the user-defined 
application parameters to a complex mathematical 
model in order to emulate the EEPROM’s performance 
and reliability in the system. 


Order Information: 


Description 
SW242001 


Total Endurance Software Disk 


Part Number 


USING THE MODEL 


The user has simply to choose a Microchip Serial 
EEPROM device from the device-list menu and begin 
entering the application parameters. The entire 
process can take literally seconds to complete, and the 
model will output the PPM level and FIT rate of the 
device vs. the number of Erase/Write cycles. If the 
user has specified an application lifetime, the model will 
output PPM and FIT rates at that point in time. Alter- 
nately, the user may input a desired PPM level and the 
model will calculate the application lifetime which will 
result in that survival rate. The user may then trade-off 
any of the parameters (device type, voltage, application 
life, temperature, # of bytes per cycle, # of cycles per 
day etc.) to arrive at an optimal solution for the intended 
application. 


Whenever a parameter is changed, calculation of the 
ppm/application life is automatic. An “update” box will 
appear inside the graph to indicate that new data has 
been entered and the graph should be redrawn. A 
single click in the “draw” box will redraw the plot of ppm 
vs. cycles; a click in the “Resize” box will take the plot 
to full-screen display for a closer view. The plot data 
can be saved to a file or the plot itself can be copied to 
the clipboard to be pasted into another application. 


ACCURACY OF THE MODEL 


The accuracy of the Microchip Total Endurance model 
has been verified against test data to within ten percent 
of the actual values. However, Microchip makes no 
warranty as to its accuracy or applicability of the 
information to any given application. It is intended to be 
used as a guide to aid designers of Serial EEPROM- 


_ based systems in performing trade-off analysis and 


developing robust and reliable designs. 
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Microchip Serial EEPROM Designer’s Kit 
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¢ 386 or 486 processor recommended 
¢ Math coprocessor recommended 


DEVICE SUPPORT 
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¢ Microchip Serial EEPROM sample pack 
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¢ Microchip 2-wire 24CXX/24LCXXB/85CXX 


e Microchip Smart Serial 24XX65 


¢ RS-232 serial cable 
¢ Power supply 


¢ Microchip 3-wire 93CXX/93LCXX series 


¢ Microchip 4-wire 59C11 
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Designer's Kit 





DESCRIPTION 
Now designers of Serial EEPROM-based applications 


can enjoy the increased productivity, reduced time to — 


market, and the ability to create a rock-solid. design that 
oniy a well-thought-out development system can 
provide. Microchip’s new Serial EEPROM Designer’s 
Kit includes everything necessary to quickly develop a 
robust and reliable Serial EEPROM-based design and 
greatly reduce the time required for system integration 
and hardware/software debug. 


The Total Endurance software model enables 
designers to quickly choose the best Serial EEPROM 
for the specific application and perform trade-off 
analysis with voltage, temperature, write cycle and 
other system parameters in order to achieve the 
desired Erase/Write endurance (specific ppm rate) or 
product lifetime. Total Endurance is the new standard 
of excellence in understanding and predicting the 
Erase/Write endurance of Serial EEPROMs. An on-line 
endurance tutorial is included, along with hypertext 
help files. 


Microchip’s SEEVAL Serial EEPROM evaluation and 
programming system will accept any Microchip Serial 
EEPROM in DIP package and enable the designer or 
system integrator to read, write, or erase any byte or 
the entire array. SEEVAL also provides the following 
advanced features to aid in system integration and 
debug: 


¢ Program special user functions like 
Smart Serial configurations 


¢ Hexadecimal display of array contents 

¢ Pre-set or user-defined repeating patterns 

¢ User-configurable functions like continuous 
read/write, programmable delay, etc. 


¢ Upload/download files between the Serial 
EEPROM and disk 


Another industry first, the Microchip Serial EEPROM 
Handbook provides a plethora of information crucial to 
the designers of Serial EEPROM-based systems. 
Along with data sheets on Microchip Serial EEPROMs, 
this resource provides application notes regarding 
Erase/Write endurance, interfacing with different 
protocols and many, many others. A cross-reference 
and selector guide are also included, plus article 
reprints and qualification reports on Microchip Serial 
EEPROMs. 


Order Information: 


Description 
DV243001 


Serial EEPROM Designer's Kit 


Part Number 


USING SEEVAL AND TOTAL 
ENDURANCE | 


Both software packages can be loaded from Windows 
by choosing FILE RUN and entering SETUP.EXE from 
the Program Manager. The applications will install 
themselves; then a double mouse-click will start either 
application. The first step in either program is to select 
a device from the device list. 


In Total Endurance, the user has simply to choose a 
Microchip Serial EEPROM device from the device-list 


menu and begin entering the application parameters. 


The entire process can take literally seconds to 
complete, and the model will output the PPM level and 
FIT rate of the device vs. the number of Erase/Write 
cycles. If the user has specified an application lifetime, 
the model will output PPM and FIT rates at that point in 
time. Alternately, the user may input a desired PPM 
level and the model will calculate the application 
lifetime which will result in that survival rate. The user 
may then trade-off any of the parameters (device type, 
voltage, application life, temperature, # of bytes per 
cycle, # of cycles per day etc.) to arrive at an optimal 
solution for the intended application. 


Whenever a parameter is changed, calculation of the 
ppm/application life is automatic. An “update” box will 
appear inside the graph to indicate that new data has 
been entered and the graph should be redrawn. A 
single click in the “draw” box will redraw the plot of ppm 
vs. cycles; a click in the “Resize” box will take the plot 
to full-screen display for a closer view. The plot data 
can be saved to a file or the plot itself can be copied to 
the clipboard to be pasted into another application. 


In SEEVAL, the user may choose to load a file from 
disk to program the Serial EEPROM, or read data from 
the EEPROM and save it to disk. The screen displays 
the contents of a software buffer. The buffer may be 
manipulated before programming data to the Serial 
EEPROM, or data can be written to the Serial 
EEPROM directly on-line. An area of memory can be 
highlighted (selected) and programmed with a 
predefined pattern or user-specified pattern. 
Alternately, the entire device can be programmed with 
any repeating pattern. 


Both SEEVAL and Total Endurance allow the user to 
save any configuration as default. This configuration 
(device and application settings) will then automatically 
load at boot time. 
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Product Quality 





A CORPORATE COMMITMENT 


Microchip Technology Inc. has evolved a culture where 
a commitment to quality is an integral part. By empow- 
ering every employee to be responsible for the quality 
of their work, the entire corporation is involved in the 
quality process. This interaction creates an environ- 
ment for continuous improvement throughout the orga- 
nization. The benefits of the system are then not only 
enhanced product quality and reliability but also prod- 
uct services. 


THE CHALLENGE OF COMPLEXITY 


Integrating an Ideal 


Microchip's quality programs and business plan are 
vertically integrated and touch all levels of the com- 
pany. From the top down, the President and CEO 
actively lead programs to ensure continuous improve- 
ment is a perpetual process. lmprovement and cross 
functional teams work to enhance performance at 
every department level. Incorporating the improvement 
objectives into the business plan creates a unity of pur- 
pose and mandates that the two merge as one mea- 
surement. . 


Determination to be the Best 


A fundamental concept at Microchip is the commitment 
to continuous improvement. All areas are constantly 
looking for ways to improve every aspect of the com- 
pany. This has allowed products and processes to 
become world class in quality and reliability. These pro- 
grams are the foundation for success. 


PROCESS TECHNOLOGY 


All the products manufactured at Microchip make use 
of a common N-Well CMOS baseline process to which 
modules are added in order to create the specific func- 
tions required by the product (EEPROM, Microcontrol- 
ler, Logic and EPROM). 


The baseline process, which has been in Manufactur- 
ing since 1988, uses minimum dimensions of 1.5um, 
360A gate oxide thickness, N+ doped polysilicon gates 
and arsenic implanted source-drain diffusions for the 
N-channel devices. 


A more advanced process uses minimum dimensions 
of 1m, 250A gate oxide thickness, polycide gate and 
LDD junction for the N-channel devices. A doubie level 
metal module can be added to both processes. 


Microwire is a registered trademark of National Semiconductor. 
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All of these devices utilize a proprietary passivation 
suitable for a wide variety of package types. Micro- 
chip's processes have been developed with reliability 
and manufacturability as their primary goals. 


EEPROM 


Microchip's CMOS floating gate EEPROM technology 
produces a non-volatile memory cell by storing or 
removing charge from the floating gate. Charge is 
transferred bidirectionally to the floating gate by 
Fowler-Nordheim tunneling through a sub-10 nm oxide 
over the drain of the transistor. This technology pro- 
duces a memory cell with a typical endurance of > 10’ 
cycles and greater than 40 years of data retention. 
(See EEPROM application note for details). 


EPROM 


This technology uses a non-volatile memory cell which 
stores charge on a self aligned floating gate. Electrons 
are provided to the floating gate via hot electron injec- 
tion from the drain depletion region. Each byte can typ- 
ically be programmed in 100 microseconds, and can 
retain that data for more than 10 years with unlimited 
reads. Block erasing is accomplished with a high inten- 
sity UV source through the package window. Win- 
dowed parts can be erased and reprogrammed more 
than 100 times. 


Microcontroller and Logic 


Logic products are built on a variety of Microchip's pro- 
cesses and their derivatives. These products have pro- 
cess modules for production of controllers that feature 
ROM, Analog, EPROM, and EEPROM. By utilizing the 
standard processing modules, the designs meld these 
technologies and their flexibility while maintaining the 
high quality and reliability standards expected. 


QUALITY 


Design for Quality and Reliability 


Product reliability is designed into all Microchip pro- 
cesses and products. Design margins are established 
to guarantee every product can be produced economi- 
Cally, error-free and within the tolerances of the manu- 
facturing process. Product Introduction Teams 
representing manufacturing, engineering, quality and 
product divisions ensure that exacting standards are 
met for each specific product. 
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Documentation and Procurement 
Specifications 


Microchip's documentation control program assures 
the correct and current document always is available at 
the point of use. Active documents are revision coded 
and serialized. Procurement specifications bear the 


same requirements. These document control proce- 


dures, which are common in the industry for military 
and high reliability products, are employed by Micro- 
chip, system wide. 


In Line Controls and Process Assessment 


Product integrity is assured by sampling and inspection 
plans performed in-line. This enables Microchip to con- 
trol and improve product quality levels as product 
moves through the manufacturing operation. Micro- 
chip's acceptance sampling plans in assembly empha- 
size the attempt to eliminate defective product as it is 
discovered. Acceptance and sampling plans are based 
on proprietary low fraction defective (<1000ppm) qual- 
ity statistics. 


To determine whether a process is within normal man- 
ufacturing variation, statistical techniques are put to 
work at selected process steps. In-process controls are 
performed by operators in the wafer fabrication and 
assembly operations. Operators take immediate cor- 
rective action if a process step is out of its control limit. 
Through these in-line controls the true capability of a 
process is generated. (See Appendix A:In Line Con- 
trols) 


Control of Customer Quality is attained through a sta- 
tistical program based on minimum defect capability 
levels. These levels are defined as the error levels 
associated with the circuit design and science limita- 
tions of the chemistry and physics of processing. 


Material controls prevent defective piece parts from 
getting into the line. Microchip's assembly material con- 
trol sample plan is typical of the emphasis placed on 
safeguards. (See Appendix B:Material Controls Pack- 
age). 

Testing for Margin 


Microchip conducts a product's initial test under strin- 
gent requirements. All quality assurance tests are run 
to tighter limits than customer specifications. As part of 
an outgoing quality assurance program, products are 
tested at least two machine tolerances tighter than 
those limits specified by the customer on every param- 
eter. Margin testing accounts for normal tolerances of 
any particular test system and provides the assurance 
that Microchip's products meet a customer's specifica- 
tions. 


Variation from Expectation 


Microchip works to make variation from target as small 
as possible. The better process is the one that holds 
the narrowest dispersion. Processes are targeted to 
maintain Cpk's of >1.5 and currently have typical val- 


ues of >2.0. Higher process capability values are con- 
tinually strived for indicating that better process control 
is being obtained. 


Outgoing Quality 
Quality Control samples all outgoing product from final 


testing. These samples measure in-line defect levels 


after screens have been applied. Root cause analysis 
follows, initiating technical change to effect continuous 
improvement. 


Programmability Yield 


Using programmable devices adds a complexity to the 
Quality Level interpretation. It is not unlikely that some 
programmable devices will not program. The program- 
mability yield is dependent on (but not limited to): pro- 
grammers, technology, array size, and handling. 


Any device that does not program properly will not be 
used in the end system. Therefore, programmability 
yields should not be used to calculate AQLs. 


For convenience, Microchip offers programming ser- 
vices for certain devices. This service is an advantage 
to the customer since it not only eliminates programma- 
bility rejects, but also reduces the handling of the parts. 
See the individual data sheets for details on our Quick- 
Turnaround-Production (QTP) service. 


RELIABILITY 


Process Qualification 


No priority is more important than the one where pro- 
cesses under which Microchip products are built oper- 
ate without fail. All products are stressed beyond 
normal use limits when undergoing high temperature 
operating life and retention bake tests. This is done to 
ensure that the devices meet the strictest reliability 
guidelines and will maintain industry low failure rates. 


Package Qualification 


Package qualification measures a componertt's ability 
to withstand extreme thermal and mechanical stresses. 
All products are stressed to high level industrial speci- 
fications to ensure reliability. 


- Ongoing Sampling of Key Reliability 


Variables 


Microchip conducts accelerated mechanical tests, 
operating life tests and memory retention tests to 
explore the many ways failures might occur. Data 
obtained from continuous testing is used to identify 
potential reliability problems and for defining action 
courses to improve product. Microchip's reliability 
knowledge is shared with customers. This data is avail- 
able for use in customer's own quality and reliability 
improvement programs and is published in regular 
quarterly and yearly reports. | 
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RELIABILITY CONCEPTS 
Definition 


Reliability is the probability of a system or circuit per- 
forming its predefined function adequately under spe- 
cific conditions for a given period of time. Thus, the 
reliability of a microcircuit is a function of both stress 
conditions and the time of operation. 


The reliability (or probability of survival) range runs 
from 0 (no chance of survival) to 1 (no chance of fail- 
ure). Current microelectronic circuits are manufactured 
and controlled to such tight specifications that reliability 
figures for the total operation time approaching 1 (i.e., 
0.9999) are common. As a result, the complement of 
reliability, or the failure probability, is more often quoted 
in current literature. 


The failure rate is the rate at which failures occur on 
units surviving to a specific number of hours of opera- 
tion. Failure rates per unit circuit-hour would generally 
be very small. To avoid reporting such small numbers, 
failure rates have been defined for greater Circuit- 
hours. One thousand circuit-hours is defined as one cir- 
cuit operating for one thousand hours, or 1,000 circuits 
operating for 1 hour, etc. The numbers of circuit-hours 
is the number of circuits multiplied by the number of 
operation hours for each circuit. 


Two methods to define failure rate are commonly used: 


¢ Percent failures per thousand circuit-hours 
e Absolute failures per billion circuit-hours, or FITs. 


Note that a failure rate of 0.0001%/1000 hours and 
1 FIT are equivalent numbers. 


Bathtub Curve: Failure Rate Over Time 


The generic representational graph of failure rate vs. 
time takes the shape of a bathtub curve. (See 
Figure 1). 


The early failure rate (infant mortality) period starts 
from initial operation (time TO) and decreases as time 
goes on. 


Time T1 signifies the end of the infant mortality period. 
The next phase of the curve occurs between time T1 
and T2. This long period of time is distinguished by a 
nearly constant and very low failure rate. After T2 is 
passed, the failure rate starts to increase slowly. This 
last phase of failure rate vs. time is known as the wear- 
out period. 


Temperature Dependency 


In order to establish failure rates in a reasonable time, 
it is necessary to accelerate the incidence of the failure 
modes. Higher environmental stress levels than those 
encountered under normal conditions are needed. The 
accelerating parameter most employed is junction tem- 
perature, although voltage and humidity, for example, 
are also used. Higher temperatures are capable of 
accelerating many common failure modes dramati- 
cally. 
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Arrhenius Equation 


A number of mathematical models were developed to 
quantify the relationship between accelerated failure 
rates and increased junction temperatures. The one 
model most commonly used employs the Arrhenius 
Equation. It is as follows: 


EA 1 1 
— X b areaad lonesome cree ee ee 
AF = e*, where x = K EF x 
AF Acceleration Factor (non-dimensional) 


e = 2.718281828... 
(non-dimensional constant) 


Ex, = Activation energy level (electron volts) 
k = Boltzmann's constant = 8.6172 x 10-5 
| (electron-volts/degree Kelvin) 
Ty = Normal junction temperature 
(degrees Kelvin) 
T, = Accelerated junction temperature (degrees 
Kelvin) 


Thus, the time to achieve a certain probability of failure 
at time T1 under temperature TN can be compressed to 
T1 divided by AF at the accelerated temperature, TA. 


Note that for true acceleration, the acceleration factor 
AF is independent of the probability of the fail point 
specified. 


AF, the dependent variable of the Arrhenius Equation 
is a function of several variables. TN and TA are speci- 
fied for the situation under consideration. EA is a func- 
tion of the particular mode of failure, and is determined 
by experimental evaluation. 


FIGURE 1: BATHTUB CURVE 


FAILURE RATE 








at Sue 





Activation Energy Level 


Activation energy levels in semiconductors generally 
are in the 0.3 - 1.1 electron-volt range. Each failure 
mode has its own activation energy. Some typical 
examples are: | 


FAILURE MECHANISM Ea (eV) 
Oxide/Dielectric Breakdown 0.3 
Electromigration 0.5 to 0.7 
Surface Related Contamination 1.0 
intermetallics 1.0 
Floating Gate Charge Loss 0.6 to 1.2 
Hot Electron Trapping -.1 
Charge Trapping 0.12 


A compromise value of 0.6 electron-volits is often used 
when there is no specific information relating to the fail- 
ure modes being accelerated. 


RELIABILITY TESTS 


Operating Life Test (Dynamic Life) 


The High Temperature Test is run under dynamic bias 
conditions where inputs are clocked. The test is con- 
ducted at high temperature to accelerate the failure 
mechanisms. The normal temperature for the test is 
+125°C for 1,000 hours. Readouts occur at 168 and 
1,000 hours. Early hour failures are usually associated 
with manufacturing defects or otherwise marginal 
material. 


Retention Bake 


The Retention Bake Test is performed to accelerate 
data loss on floating gate devices. The test consists of 
unbiased baking at elevated temperature. This test is 
performed at 150°C with typical readpoints at 168 and 
1000 hours.The failure mechanism that is accelerated 
is charge leakage from a stored element. 


Endurance Cycling 


Endurance Cycling establishes the number of times a 
device can be programmed and erased. Normally the 
test is conducted at rated temperature conditions and 
is followed by retention bake. The standard cycling at 
_ Microchip is done at 85°C using a page cycle mode and 
is followed by a bake of both a checkerboard and an 
inverse checkerboard of 48 hours at 150°C. 


Temperature Cycle 


The Temperature Cycle test simulates stresses which 
occur to systems during power up/power down 
sequences. The test is intended to reveal any deficien- 
cies resulting from thermal expansion mismatch of the 
die/package structure. Normally the test is conducted 
by cycling between -65°C and +150°C in an air ambi- 
ent. Duration for the test is typically 50 cycles for both 
plastic and ceramic packages. Endpoint criteria are 
both electrical and visual/mechanical. 


Thermal Shock 


The Thermal Shock test is similar to the Temperature 
Cycle test except that the ambient during cycling is liq- 
uid-to-liquid. This stimulates rapid thermal environmen- 
tal changes. The mechanisms accelerated are identical 
to those in the Temperature Cycle test except that the 
Thermal Shock test is a more accelerated test with 
temperatures normally +125°C to -55°C. The number 
of cycles are 100 for qualification testing. 


Autoclave 


The autoclave test determines the survivability of 
devices in molded plastic packages to a hot, humid 
environment. The test exposes unbiased, plastic pack- 
aged devices to saturated steam at 121.5°C and 15 
pounds per square inch (one atmosphere) gauge pres- 
sure. The 168 or more hours of testing allows moisture 
to penetrate into the die. Chemical corrosion of the die 
metallization may occur if ionic contaminants are 
present and the die surface protection is deficient or 
damaged. Charge leaks from floating devices usually 
happen before a corrosion mechanism develops. 


HAST 


The Highly Accelerated Stress Test is similar to the 
Temperature Humidity Test but with more stringent 
temperature exposure. Devices are subjected to 130°C 
with 85% rejiative humidity and an alternating bias of 5 
volts and ground on device pins. The duration of the 
test is 168 hours. This tests for ionic contamination and 
corrosion, but floating gate devices may also fail for 
charge loss, due to the high temperature. 


\ \ 
: \ 
\ 
\ 
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QUALIFICATION CATEGORIES 


In general, qualification is required for new design, 
major changes in old design, process or material when 
either wafer fabrication or package assembly opera- 
tions are affected. Cross functional teams which 
include reliability develop new products for introduc- 
tion. In other areas, Microchip utilizes the concept of a 
Change Control Board which meets regularly to estab- 
lish which criteria is to be used for all specific proposed 
changes. This board is made up of representative lead- 
ers of various groups and departments throughout 
Microchip to insure all concerns are heard early during 
the process. 


QUALIFICATION PROGRAMS 


Qualifications guarantee changes to our new -pro- 
cesses and technologies are popes evaluated for 
reliability performance. 


Reliability Monitoring 


Microchip's reliability monitoring program is a compre- 
hensive effort to measure the reliability of all process 
families with strict regularity. The program strives to 
improve performance through failure analysis and cor- 


‘rective action. Numerous screening procedures are 


used and estimates of product life and expected failure 
rates are provided. 


Typical tests and frequencies include: 


¢ Die Monitor on selected product for: 
- Dynamic Life 
-- Retention Bake 
- Endurance 
¢ Periodic (weekly, monthly and quarterly) package 
monitors to evaluate: 
- Mechanical stresses 
- Alignment 
- Temperature and moisture stresses 
- Corrosion resistance 
- Marking permanency 
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APPENDIX A: IN LINE CONTROLS 
TABLE 2: CONTROLS - PLASTIC PACKAGE ASSEMBLY 


Responsibility 
Operation Sample Plan Referenced MIL-STD 
_ |Quaiity; Prod 


Die Visual Reject defectives 100% {10% sample LTPD 10 — X  |MIL-STD-883C 
rescreen per LTPD Method 2010 

Wafer Saw Machine Shut Down One kerf per lot MIL-STD-883C 
Method 2010 


Die Attach Machine Shut Down 4X/Lot/Machine LTPD 15 x | = WA 


Wire Bond Machine Shut Down 1% AQL each 1/2 shift MIL-STD-883C 
Method 2010 
Post Wire Bond Reject defectives 100% {|LTPD 15 X MIL-STD-883C 
rescreen per LTPD Method 2010 
Mold Press Machine Shut Down One sample /4 hrs ee 
Die Plating Reject defectives 100% |Every 4 hrs LTPD 10 X 
rescreen per LTPD 
Trim and Form Reject defectives 100% |Once/2hrs LTPD 10 N/A 
rescreen per LTPD 


External Visualand  /|Reject defectives 100% |100% LTPD 2 MIL-STD-883C 
Documentation rescreen per LTPD x — |Method 2010, 
Verification Method 2016 
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TABLE 3: CONTROLS - CERAMIC PACKAGE ASSEMBLY 
Pe . - — Responsibility Referenced 
peration amp an 
Die Visual Reject defectives 100% [10% LTPD 10 _ X  |MIL-STD-883C 
rescreen per LTPD — |Method 2010 
Wafer Saw Machine Shut Down One kerf per lot MIL-STD-883C 
Method 2010 

















Ee 


x< 


Die Attach Machine Shut Down Non-destruct each 2 hrs MIL-STD-883C 
destruct each shift Method 2010 
Machine Shut Down 4X/shift/machine Xx 
Preseal Visual Reject defectives 100% |100% LTPD 15 — 
rescreen per LTPD 


Package Seal Machine Shut Down | LTPD 15 . 


Environmental Stress |Machine Shut Down 
Centrifuge Temp 


MIL-STD-883C 
Method 2010 


X  |MIL-STD-883C 
— |Method 2010 


MIL-STD-883C 
Method 2001 








Cycle 
Fine Leak Reject defectives 100% |LTPD5 . X 
rescreen per LTPD 
Gross Leak Reject defectives 100% |LTPD5 X 
rescreen per LTPD | Method 1014 
Lead Trim Reject defectives 100% |100% LTPD 2 — X MIL-STD-883C 
rescreen per LTPD X Method 2009 2 
External Visual and  /|Reject defectives 100% |100% LTPD 2 — MIL-STD-883C 
Documentation rescreen per LTPD 
Verification 


Method 1010 


MIL-STD-883C 
Method 1014 


MIL-STD-883C 

























Method 2010, 
Method 2016 





Sipe 
jixfix 
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APPENDIX B: MATERIAL CONTROLS PACKAGE | 
TABLE 4: MATERIALS CONTROLS - PLASTIC PACKAGE ASSEMBLY 


| Responsibility v7 seneee 
Operation Sample Plan eference L- 
| | | |Quality| Prod | 
Lead Frame Reject defectives 100% /|Visual, LTPD 2 X N/A 
- rescreen per LTPD Functional, LTPD 10 

and material spec 

Die Attach Epoxy Reject Functional, LTPD 15 and X N/A 
material spec 

3 | X 


Gold Wie Reject __—*[Per material spec «|X — [WA 


Molding Compound Spiral flow, 3X/ot Func- 


tional, 1X/lot and material 
TABLE 5: MATERIALS CONTROLS - CERAMIC PACKAGE ASSEMBLY 


spec 
Operation Sample Plan fQuality| Prod Referenced MIL- 
Base/Lead Frame Reject 100% rescreen  |Visual, LTPD 10 X MIL-M-38510 
per LTPD ~ |Functional, LTPD 10 
Bake test, LTPD 15 
Dimensions, LTPD 50 
-  fand material spec 
Package Reject 100% rescreen | Visual, LTPD 10 X MiL-M-38510 
| per LTPD Functional, LTPD 10 
Bake test, LTPD 15 
. Dimensions, LTPD 50 
and material spec 


Preform Reject Visual, LTPD 10 X MIL-M-38510 
Functional, LTPD 15 
Bond Wire Reject Per material spec X MIL-M-38510 

2 spools/lot 


rata ie —— 












































































Functional, LTPD 10 
and material spec 
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MICROCHIP 





Product Reliability 





OVERVIEW 


Microchip Technology !nc.'s products provide competi- 
tive leadership in quality and reliability, with demon- 
strated performance of less than 100 FITs (Failures in 
Time) operating life for most products. The designed-in 
reliability of Microchip's products are supported by 
ongoing reliability data monitors. This document pre- 
sents current data for your use - to provide you with 
results you can count on. 


The test descriptions included in this document explain 
Microchip's quality and reliability system. The product 
data demonstrates its results. 


The customer's quality requirements are Microchip's 
top priority. Ongoing customer feedback and device 
performance monitoring drive Microchip, leading to 
continuing improvements in the long-term quality and 
reliability. 


FAILURE RATE CALCULATION 


Extended field life is simulated by using high ambient 
temperature. In the semiconductor technology, high 
temperatures dramatically accelerate the mechanisms 
leading to component failure. Using performance 
results at different temperatures, an activation energy 
is determined using the Arhenius equation. For each 
type of failure mechanism, the activation energy 
expresses the degree to which temperature increases 
the failure rate. 


The activation energy values determined by Microchip 
Technology agree closely with those published in the 
literature. For complex CMOS devices in production at 
Microchip Technology, an activation energy of 0.6 eV 
has been shown to be representative of typical failures 
on operating life. This activation energy also applies to 
some of our retention bake failures, though most are 
1.2eV. By definition, failure is reached when a device 
no longer meets the data sheet specifications as a 
direct result of the reliability test environment to which 
it was exposed. Common failure modes for CMOS inte- 
grated circuits are identified for each test environment. 


To establish a field failure rate, the acceleration factor 
is applied to the device operating hours observed at 
high temperature stress and extrapolated to a failure 
rate at 55°C ambient temperature in still air. 


Microwire is a registered trademark of National Semiconductor. 


The actual failure rate experienced could be consider- 
ably less than that calculated if lower device tempera- 
tures occur in the application board, such as would be 
the case if a fan, a heat sink, or air flow by convection 
is used. 


Environment 


Typical Failure Mechanism 


Dynamic Life Process parameter drift/shift 
Metal electromigration 
internal leakage path 


Lifted bond/bail bond chip-out 


Temperature Cycle Lifted bond/ball chip-out 
Cracked die or surface cracks 
Bond pad corrosion 


Autoclave Inter-pin leakage 


Charge loss 


Retention. Bake Charge loss 


High Temp. Charge gain, Parameter drift/ 
Reverse Bias shift 


DEFINITIONS 


FIT (Failure In Time): Expresses the estimated field 
failure rate in number of failures per billion power-on 
device-hours. 100 FITS equals 0.01% fail per 1,000 
device-hours. 





Dynamic Life Test: The device is dynamically exer- 
cised at a high ambient temperature (usually 125°C) to 
quickly simulate field life. Derating from high tempera- 
ture, an ambient use condition failure rate can be cal- 
culated. 


Temperature Cycle: The devices are exposed to 
severe extremes of temperature in an alternating fash- 
ion (-65°C for 10 minutes, 150°C for 10 minutes per 
cycle). Package strength, bond quality and consistency 
of assembly process are stressed using this environ- 
ment. 


Autoclave (pressure cooker): Using a pressure of 
one atmosphere above atmospheric pressure, plastic 
packaged devices are exposed to moisture at 121.5°C. 
The pressure forces moisture permeation of the pack- 
age and accelerates related failure mechanisms, if 
present, on the device. 


© 1998 Microchip Technology Inc. 
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Thermal Shock: Exposes devices to extreme temper- 
atures from -55°C to +125°C by alternate immersion in 
liquid media. 


Retention Bake: A 150°C temperature stress is used 
to accelerate charge loss in the memory cell and mea- 
sure the data retention on the EPROM and EEPROM 
portions of the circuitry. 


HAST: Moisture, extreme heat and bias are used to 
accelerate corrosion and contamination in plastic pack- 
ages. The conditions are 130°C and 85% relative 
-humidity. Typical bias voltage is +5 Volts and ground 
on alternating pins. 


RELIABILITY CONTROL SYSTEM 


A comprehensive qualification system ensures that 
released products are designed, processed, packaged 
and tested to meet both design functionality and strict 
reliability objectives. Once qualified, a reliability moni- 
tor system ensures that wafer fabrication and assembly 
process performance is stable over time. A set of base- 
line specifications is maintained that states which 
changes require requalification. These process 
changes can only be made after successful demonstra- 
tion of reliability performance. This system results in 
reliable field performance, while enabling the smooth 
phase-in of improved designs and product capability. 





FIGURE 1: 





3 


AN TH BO 
DESIGN 
Shes oS SAIN 


| ¢ Design objectives/specifica- 
tions 

¢ Testability goals 

¢ Reliability requirements 

¢ Process/packaging require- 
ments 

¢ Design guidelines 

Design: 



















¢ Functional models 

* Logic design & verification 
* Circuit design & verification 
¢ Layout design & verification 
¢ Prototype verification 


e Performance characteriza- 
tion 















Develop (as required): 


¢ Wafer fabrication processes 
¢ Package/packaging 
technology 



















SN 
|| Confirm design objectives 


using qualification tests: 

e Dynamic life, 125°C ambient 

e¢ Temp-cycie, -65°/150°C 

|| ¢ Thermal shock, -55°/125°C 

|| © ESD, + 4000 V HBM 

~ ¢ ESD, +400 V MM 

|| ¢ Latch-up (CMOS devices) 

e Autoclave (pressure cooker) 
retention bake 
















RELIABILITY DATA SUMMARY 


Introduction 


This section provides a reliability summary of Microchip 
Technology's product. Included is reliability data and 
packaging information obtained over the recent past. 


Plastic Package Characteristics and Codes 


As part of an on going product program, Microchip 
Technology will apply its Quality and Reliability process 
in evaluating the latest developments in plastic packag- 
ing technology, and implement the highest reliability 
materials and assembly techniques. The plastic pack- 
ages that are currently available from Microchip are 
listed in the table below. 


Package Description Identification Code 


Package Description Identification Code 


Plastic Leadless Chip Carrier 
Plastic Dual In Line (600) 
Plastic Dual In Line (300) 


Plastic SOIC (.150) 
Plastic SOIC (.207) 
Plastic SOIC (.300) 
Plastic TSOP (8 x 20mm) 
Plastic SSOP (.207) 






















SHOOTER 
: BILITY CON 


& Bi RRL S 
RWS N 3 :% : 
WE Seaadalarn manera A oaths 


|| Assure Outgoing Quality Level: 
¢ Design release document 


1° Baseline wafer fabrication pro- 
cess 


¢ Baseline assembly process 
¢ Qualification release 


e Enter device to specification 
system | 


- ¢ Wafer-level reliability controls 
|| ° Assembly reliability controls 
. ¢ Early failure rate sampling 
|| © Reliability monitoring 
| ¢ Statistical process control 
| feedback 
¢ Audit specifications 
e Analyze returned failures 


¢ Requalify devices as needed for 

| major changes such as ESD 
resistance enhancement, cost 
reduction/die shrink, process 
improvement, and new package 
types. 
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HIGH TEMPERATURE (125°C) FIGURE 4: | PICMICRO™ MCU DYNAMIC 
DYNAMIC LIFE TEST LIFE 


Graph set for EEPROM, PiCmicro™ and 
EPROM for all conditions 


High temperature dynamic life testing accelerates ran- 
dom failure modes which would occur in user applica- 
tions. Voltage bias and address signals are used to 
exercise the device in a manner similar to. user sys- 
tems. 


& 
& 
e 
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FIGURE 2: EEPROM DYNAMIC LIFE 





FIGURE 3: EPROM DYNAMIC LIFE 





PiCmicro is a trademark of Microchip Technology Inc. 
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DATA RETENTION BAKE FIGURE 7: PICMICRO MCU RETENTION 

BAKE | 
Data storage in applicable devices is done by develop- 
ing a charge on the floating gate structure in the mem- 
ory cell. Charge loss in this cell structure results in a 
conversion of zeroes to ones. This bake accelerates 
charge loss in the memory cell and 168 hours at 150°C 
is equivalent to greater than 250 years in the field at 
55°C. 


e 
£ 
i 
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FIGURE 5: EEPROM RETENTION BAKE 





FIT Rate (Fits) 





FIGURE 6: EPROM RETENTION BAKE 
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PCT (PRESSURE COOKER 
AUTOCLAVE) 


Autoclave testing is used to determine the resistance of 
the package to moisture under high temperature and 
humidity conditions. This test accelerates failure modes 
caused by delamination, corrosion or ionic contamina- 
tion. 


Operating Hours 













Package 24 168 
0/2200 0/2199 
PLCC 0/2746 0/2746 
SOIC 0/14042 7/14085 


TSOP 0/250 0/250 


PCT Failure Modes: 


1 Unit of 8L PDIP (24LC02B) failed due to high IDDs. 

1 Unit of 28L SOIC (97064) failed due to die surface delamination. 
4 Units of 8L SOIC (24LC04B) failed due to column defects 

1 Unit of 8L SOIC (24LC04B) failed due to oxice breakdown in the 
charge pump. 

1 Unit of 8L SOIC (24LC04B) failed functinality at high speed. 


TEMPERATURE CYCLING 


This thermal tests evaluates air to air rapid temperature 
change evaluating built in material stresses. This is a 
worst case simulation of system power up/power down 
and is based on stringent military packaging require- 
ments. 


Operating Results 
Package 100 Cycles 


QFP 0/500 

PLCC 0/752 

TC Failure Modes: 

1 Unit of 18L SOIC (PIC16C620) failed programming a bit column. 






THERMAL SHOCK 


Thermal shock is the most extreme case of tempera- 
ture cycling by using liquid immersion for the technique 
to change the device environment. This accelerates 
any stress related failures with the rapidly changing 
gradient. After the temperature stressing a constant 
force centrifuge test is also preformed prior to final 
electrical testing to further uncover any defects that 
may have occurred under stress. 


| Operating Results | 


QFP 0/530 
PLCC 0/3230 
HAST (130°/85% R.H.) 


Highly Accelerated Stress Testing evaluates plastic 
encapsulated devices’ ability to withstand extreme high 
temperature, high humidity environments while under 
electrical bias. This stress is designed to create corro- 
sion of the metal or internal device leakage if ionic con- 
taminants are present but also may cause charge loss 
in memory cells. 


QFP 0/1075 0/1068 
PLCC 0/1857 0/1854 
SOIC 0/8168 0/8142 


TSOP 0/209 0/209 


HAST Failure Modes: 


1 Unit of 8L SOIC (24LC32A) failed due to oxice breakdown in the 
charge pump. 
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PRODUCT RELIABILITY DATA 






ALL PICS Dynamic Life 4/23200 0/10578 4 12,783,120 6 
pe |rmounene | ress | ‘ooo | 3 | inseam | 
ALL 90k PICS Dynamic Life 0/14718 0/6633 0 8,044,344 1 
RAN lawton tne | orm | oe | 2 | eowate | 
ALL 77k PICS Dynamic Life 4/4589 0/2155 | 4 2,581,152 49 
ene Sarin | ost, | ovo | 0 | Sree | 
ic Li 0 2,157,624 
oi | tomas | 














Fit Rates, 60% | 





ALL 57k PICS Dynamic Life 0/3893 0/1790 10 
eens Temwrmontee | voice | ond ; 
PIC16C924 Dynamic Life 0/1578 0/660 819,504 14 
pow lrawmraue | osrer_|_osso | o | esome | 
PIC16C622 Dynamic Life 0/2436 0/1066 1,304,688 9 
Poe romimnsso | oeexs | sor | o | iaeseee | 
PIC16C84A Dynamic Life 2/760 0/380 2 446,880 | 167 
PIC16C74A Dynamic Life 0/1264 0/610 O | 724,752 16 
Paes [roomtonseo | onveo | owe | 0 | caw | 
PIC16C71 Dynamic Life 0/0 0/0 0 N/A 
pee" [paomnsso | crow | ooo | o | soso | ‘a 
PIC16C70 Dynamic Life 0/0 0/0 0 N/A | 
pee [rnowensue | orire | oots | 0 | ores | 
PIC16C64 Dynamic Life 0/0 0/0 N/ 
oo | oo |e | oo 
PIC16C63/65A Dynamic Life 0/1173 0/460 583,464 
| Retention Bake 0/1567 








N/A 

20 

<1 
21 
<1 
26 
<1 


PIC16C62A/64A Dynamic Life 0/1132 0/441 560,616 
PIC16C61 Dynamic Life 0/760 0/380 446,880 
PIC16C58A Dynamic Life 0/2399 0/1139 1,359,792 12 
PIC16C57 Dynamic Life 0/1519 0/725 864,192 25 
Retention Bake 0/408 ee <1 
PIC16C56 Dynamic Life 0/1959 0/948 1,125,432 20 
Press lroonsnewe | case | cw | 0 | ease | on 
PIC16C55 Dynamic Life 0/1174 0/462 0 585,312 
pews lrerseeue | veo | ome | 1 | eee | 
PIC16C54 Dynamic Life | 2/2310 0/1050 | 2 1,270,080 59 
ine a 
PIC16C54A Dynamic Life 0/1787 0/950 1,098,216 11 
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po erating Hours | 
9 
Operation 1008 Fit Rates, 60% 


Device Hours CL @ 55°C 


PIC17C42 Dynamic Life 0/0 0/0 N/A 
12 
a 


PIC17C44 Dynamic Life 0/2025 0/810 0 1,020,600 
PIC12C508 | Dynamic Life 0/924 0/497 | | 572,712 
Retention Bake 0/1117 e-G5s 461,496 





Failure Modes: Dynamic Life 2 units of PIC16C84A failed to single bit charge loss 
2 units of PIC16C54 failed to verify programming 
Retention Bake 2 units of PIC17C44 failed due to marginal programming 


1 unit of PIC16C55 failed due to single bit charge loss 


aI ae SE ea TE AEE CI cE Ee AR RD a a a A a a Nee Ae 
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Fit Rates, 60% 
CL@55°C _| 


ALL SERIAL Dynamic Life 1/32806 1/13440 2 | 16,801,008 4 

57k SERIAL Dynamic Life 0/5074 0/2080 0 2,599,632 8 

77k SERIAL Dynamic Life 1/27732 1/11360 14,201,376 5 

fcrrows —__[Reumtonsuo | saoore | oemo | so | somew | <1 _ 

24C01A/02A Dynamic Life 0/3134 0/1280 1,601,712 414 
Femreovenm | woe | ovoo | o | tseme | at 


Device _ Operation | 1008 Hrs. 


997,920 22 
: 
N/A 


24C04 _| Dynamic Life 0/1940 0/800 0 

93C06/46 Dynamic Life 0. 0/0 
rowieneue | oo | oo | 0 

93LC46 Dynamic Life 0/2348 0/960 1,200,864 18 
rowenta | omeer_| oeco | o | soroase | 


/0 
/0 

93LCS56/66 Dynamic Life 0/0 0/0 N/A 
24LC01B Dynamic Life 0/3107 0/1280 1,597,176 14 

: 
24LC02B Dynamic Life 0/3532 0/1440 1,802,976 12 

ienreir an Me dll ak e9 
241.C04B Dynamic Life 1/3116 0/1280 1 1,598,688 30 
24.C08B Dynamic Life 0/1950 0/800 0 999,600 92 
mae, aoe twee et eee 
24LC16B Dynamic Life 0/1577 0/640 802,536 97 
ce ae et oe eee | 
24LC32A Dynamic Life 0/2316 1/960 1 1,195,488 41 
mn aE ee ee 
24LC65 Dynamic Life 0/2725 0/1120 1,398,600 16 
nee oe PE 
0/2747 0/1120 1,402,296 16 
24LCS52 Dynamic Life 0/384 0/160 198,912 411 
ee ll Be Ee 
25LC08/16/162 Dynamic Life 0/408 0/160 202,944 108 
leo ef ee ee 


Failure Modes: Dynamic Life 1 unit of 24LC04B failed due to a column defect 
1 unit of 24LC32A failed programming 


Retention Bake 35 units of 24LC65 failed due to single bit charge loss 


1 unit of 24LC32A failed due to single bit charge loss 
1 unit of 24LCO4A failed due to single bit charge loss 


93LC56/66 Dynamic Life 0/3522 0/1440 1,801,296 12 
Retention Bake 0/3562 0/700 1,186,416 <1 
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Paraliel EEPROMs 


Fit Rates, 60% 
ALL PARALLEL Dynamic Life 0/1989 0/800 | 1,006,152 22 
EEPROMS Retention Bake 0/1958 0/400 664,944 <1 


28C64 Dynamic Life 0/1989 0/800 1,006,152 22 
Retention Bake 0/1958 0/400 664,944 
Failure Modes: Dynamic Life N/A 












Retention Bake N/A 











EPROMS 


[Device | operation | 168 | 1008 | Fae | Device ire. | MEG sscc 
ALL EPROMS Dynamic Life 0/2818 0/1120 1,414,224 14 
ee ne dee 
ALL 90k EPROMS _ | Dynamic Life 0/423 0/160 205,464 57 
need ee ee EE 9 ae 
ALL 77k EPROMS _ | Dynamic Life _ 0/2395 0/960 1,208,760 18 
ine a Ee ee El 
i 18 
i 
57 
et 






27C256 Dynamic Life 0/2395 0/960 1,208,760 
Pees [rawrmntere | neeso | ante _| 2 | soreo 
27C512A Dynamic Life 0/423 0/160 


205,464 
| 167,328 
Failure Modes: Dynamic Life N/A 


Retention Bake 2 units of 27C256 failed due to single bit charge loss 
3 units of 27C512A failed due to single/multiple bit charge loss 








ea aaa eI TE NN NP NN RES A LE SE SS ER ES RE 
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EEPROM Endurance 





INTRODUCTION 


A unique feature of non-volatile memory devices is the 
dual requirement both to change and to maintain data 
states. It is this combination of requirements that pro- 
vides the contrasting nature that defines the complexi- 
ties involved in change and maintaining such change. 
Anything that enhances the physics to allow a data 
state change in contrast degrades the retention of that 
change. It also holds that any retention enhancements 
inhibit the data changing capabilities. A balance must 
be struck between the combinations to achieve the field 
requirements of customer applications. 


Erase/Write cycling has many variables which greatly 
effect the lifetime of the device. To accurately make 
comparisons between specifications and the actual 
requirements, or any other comparisons, these factors 
must be well understood and taken into account. 


TECHNOLOGY OVERVIEW 


Silicon Technology 


The basic technology employed by Microchip Technol- 
ogy for EEPROM’s is a FLOTOX structure as drawn 
below. This is a an industry standard architecture base 
which has been enhanced by Microchip to provide 
improvements to the quality and reliability of the 
devices produced. 


Memory Cell Gate 


Inter-Level Dielectric 


90 AngTd Oxide 


Source } 


Circuit Technology 


These cells are then structured in either an 8 or 16 bit 
word organization for data storage with between 32 


~ words (256 byte device) and 8K words (64K device) 


using standard binary decoding schemes found indus- 
try wide on memory devices. Data can then be trans- 
mitted either into the device for storage or read from the 
device when needed along a single DATA pin, (I?C 
bus) or a dual Data in/Data out configuration (3-wire 
bus). The device has no restriction on the number of 
read cycles that can be processed per byte without 
damage but the storage process does have finite limi- 
tations. 


Currently two different schemes of error correction are 
being utilized on Microchip EEPROM’s. The 24CXX, 
93CXX, 85CXX, 59CXX and 28CXX device types uti- 
lize a modified Hamming code redundancy scheme 
with four parity bits per eight bit byte. This has been the 
industry standard correction scheme for enhancement 
of cycling lifetimes by eliminating single bit per word 
errors. An alternative approach has been developed 
utilizing an AND cell concept of redundant memory 
cells. This further enhances the write/erase lifetime 
over the Hamming code and has been implemented on 
the 24LCXX and 93LCXX circuits. 


Row Select Transistor 


Common Source a oe ee Bit Line 


Row Select 


Memory Cell Gate 


read Tite “T Frase [ Sianaby] 


ommon Source mon GaGate T $0 vote {00 vate 
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Reliability Endurance 


The endurance failure rate curve for the Microchip 
devices is presented in the standard form for this curve 
from EEPROM FLOTOX manufacturers. Microchip 
does write/erase cycle all EEPROM devices prior to 
shipment to remove the infant mortality endurance fail- 
ures from the population. This characteristic curve, with 
two failure increase sections, is shown below for refer- 
ence. Both sections have single bits failing as the dom- 
inant mechanism. 


The first of the failure increase sections is usually 
related to breakdown of oxides from latent oxide 
defects that are inherent to any process. These oxides 
have reached a time dependent dielectric breakdown 
condition and permanently rupture. This generally 
characterizes the first 200K write/erase cycles under 
any conditions. The second curve is the standard trap 
up of electrons within the tunnel dielectric which closes 
the write/erase threshold window until the device no 
longer adequately programs or erases. 


This curve depends on multiple parameters, but the 
trap up failure increase portion often does not occur 
until ten million write/erase cycles or greater. 


The first failures from endurance cycling and the long 
term end of life failures are due to different mecha- 
nisms. 


The failures from 200K to 500K cycles have historically 
been attributed to “fast trap up” around the industry. 
Analysis at Microchip has shown that these failures are 
not actually trap up but oxide breakdown in nature. 
They most often manifest themselves as single bit 
charge loss or charge pump failure, both due to the for- 
mation of a conductive path within the gate oxide layer. 


These oxide breakdown failures can be related to 
defects of three types of categories. 


Type 1 is a residual chemical stain left behind on the 
wafer after processing due to an inadequate rinse. 
These are very difficult to physically detect and are best 
inferred from a pattern of bits (a bit cluster) that fail. 


o 
= 
it 
Ww 
2 
z 
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ERASE/WRITE CYCLES 





Type 2 is a physical defect which can be found upon 
microscopic or SEM analysis resulting in the failure. 
This is most often a particle, polysilicon nodule or metal 
short. | 


Type 3 is a physical defect with low activation energy 
that cannot be detected until end of life evaluation 
because of it’s change in state (subsequent consump- 
tion) during latter processing steps. __ 


The end of life mechanism is called “oxide trap up’. 
This is where the tunnel dielectric oxide layer loses it’s 
ability to pass charge and begins to retain some portion 
of the charge that it passes to the floating gate. These 
excess electrons within the oxide act as a charge 
shield, resulting in insufficient charge movement while 
significantly raising the voltage required to continue 
transmitting a constant charge level. Since the pro- 
gramming voltage is not adjustable this results in less 
charge movement for either the write or erase state. 
These states, whether charged negatively or charged 
positively, approach a central point and become indis- 
tinguishable to the detection circuitry of the device. This 
results in a failure to read the correct pattern, (impossi- 
ble to distinguish between a programmed one and a 
programmed zero) beginning with the extreme voltage 
values of the operating specification. 


Microchip strives to offer the lowest failure rate for both 
early life and wearout fails. Early fails in Microchip 
products are in the PPM range, and wearout does not 
set in most applications until after ten million cycles. 


MEASUREMENT OF CYCLING 


Microchip Technology defines a device lifetime in the 
strictest sense, that is, stated lifetime has to exhibit the 
truest correlation to customer results. All units shipped 
from Microchip have Error Correction circuitry engaged 
for customer use. Error Correction amends any one 
error per byte for Hamming and one error per bit for 
AND cell which allows the device to read correct data. 
An endurance failure is determined when any one bit is 
not capable of being correctly written and maintained in 
that state indefinitely. 


The device lifetime is defined when a specified percent- 
age of devices, (Microchip currently uses a cumulative 
2.5 percent), have a customer detectable error under 
worst case operating conditions. 


Ongoing monitors are acquired from every wafer lot of 
material manufactured for shipment. Samples are sub- 
jected to byte cycling of a checkerboard pattern at 85°C 
in rapid succession to the specified number of guaran- 
teed cycles. These units then are baked in both check- 
erboard and inverse checkerboard forms and 
electrically tested to ensure that data sheet require- 
ments are met. This data is accumulated on a monthly 
basis and reviewed to measure both results of continu- 
ous improvement programs and conformance against 
the device standards. 
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ENDURANCE VARIABLES 


a) 


oO 
~—— 





Temperature: Within the FLOTOX technology, 
temperature has an inverse effect on the endur- 
ance of a EEPROM device. The activation 
energy of these cycling failures is approximately 
0.15 eV. The long term trap up portion of the 
curve is worsened by temperature to a greater 
extent than the early fails due to the difficult fail- 
ure mechanisms that are activated. 


Delay between cycles: This has been reported 
in the industry as having an enhanced effect on 
the lifetime of EEPROM devices. For some tech- 
nologies this does have a positive effect, how- 
ever, this is not strictly the case for FLOTOX 
manufacturers. While the second failure rate 
increase period (associated with end of life) may 
be impacted by this due to a decreased rate of 
electron trapping, the first failure rate is actually 
not impacted by this variable. 


Write timing: The decrease in write time to the 
device correlates directly with write/erase 
cycling failure rate of the device. This shorter 
pulse reduces the cell time at voltage which then 
provides an enhanced life prior to the occur- 
rence of a time dependent oxide breakdown. It 
also passes fewer electrons through the oxide 
providing less potential trapping possibilities 
while maintaining adequate margins for the writ- 
ten state. 

Please note that the rise time of the signal, 
which the customer does not have control over 
is also a dominant effect. 


Vcc voltage: The higher voltages generate 
higher fields within the device. This causes more 
stress which is offset by the operational increase 
of internal timers and actually shortens the write 
time of the device. 


Lower voltages this has the opposite effects on 
the individual parameters except in cycles obvi- 
ously where the write timer is externally con- 
trolled. This overall effect is minor compared to 
the others in magnitude on the failure rate curve 
and is variable over the customer operating 
range with a maximum at Vcc=5.5 Volts. 


Pattern effect: The pattern that is programmed 
in the device does play a first order role in the 
overall lifetime. The act of programming a non- 
volatile memory inflicts damage on the device 
that cannot be repaired. This damage is the 
result of exposure to high electric fields which 
over a period of time either breakdown or trap up 
the effected oxide causing failures. The act of 
writing a cell from a one to a zero provides the 
maximum amount of stress by exercising the 
charge pump and passing electrons through the 
tunnel dielectric. (Please note that to write a 
zero even from a zero state causes an auto- 
matic byte erase prior to the write converting the 
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f) 


9) 


bit to a one and returning it to it’s original state!) 
Conversely writing a one from a one then 
passes no charge through the cell and therefore 
does no damage to the cell but does stress the 
charge pump. 


From an array standpoint, this would allow a 
checkerboard/ inverse checkerboard patterned 
device to endure twice the number of write 
cycles that an all zero patterned device would 
last. In general this appears to be approximately 
correct but does negiect the charge pump and 
other peripheral wearout mechanisms. 


Cycling mode: Three modes exist in Microchip 
devices that are primarily used for endurance 
evaluations. The byte write mode (one single 
byte written at a time) is the standard mode used 
by the customer in the field. A second technique 
exists called block mode which exercises all the 
cells of the array simultaneously. The lifetime 
expectations are approximately ten times as 
long for these block cycled devices as equiva- 
lently cycled byte cycled circuits based on 
experimental findings. This effect has been 
traced back to the rise time of the programming 
signal at the memory cell. The faster this voltage 
rise occurs, the more damage occurs and the 
shorter the lifetime. The block mode has a much 
slower rise time given the entire array being uti- 
lized provides a much larger resistive/capacitive 
load which slows the signal rise ultimately result- 
ing in the greater lifetime. Please note that the 
page mode which can be utilized by the custom- 
ers falls between the block and byte modes with 
respect to failure rate. Page mode offers the 
best balance of endurance and write cycle 
times. 

Array Size: This effect is a direct result of how 
fast most devices will fail due to a single bit not 
working simply due to the number of bits 
involved. This is not exactly double the failure 
rate with a doubling of the memory size since 
some circuits fail within the charge pump or 
decoding circuitry sections and are therefore not 
directly related to array size. 
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FIELD RESULTS 


Microchip Technology, after significant experimenta- 
tion, has developed a model of the Endurance failure 
rates as a function of all the variables listed above. This 
model is available to the customer in the form of a dis- 
kette called Total Endurance™. This allows the cus- 
tomer to bypass confusing information and conditions 
other than their application and directly predict the fail- 
ures seen in their application conditions within a few 
percent. This also allows the customer to adjust oper- 
ating parameters and immediately evaluate the impact 
on the results of the final system. Results for a typical 
application (obtained from the Total Endurance model 
are listed at right for reference). 






Life Percent 


Typical conditions used are 25°C, Byte mode operation 
with 24 cycles per day, VCC = 4.5 Volts with a random 
pattern writing one quarter of the array at each occa- 
sion. The failure rates quoted are the expected failure 
rate at the end of the application life using an unlimited 
number of read cycles. For more information on Endur- 
ance, it is recommended that the user obtain a copy of 
Total Endurance. 
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MICROCHIP | PAC KAG N G 


Commercial/Industrial Outlines and Parameters 








PART NUMBER SUFFIX DESIGNATIONS: 





XXXXXXXXXX -XX x XXX Examples: 
qT a qT | 24L.C65-I/SN 
Device Options Speedor Temperature Package Pattern PIC16C54-RCI/SO 
Type Frequency 
Memory Products Mircocontroller Products 
Device Type Device Type 
Cc = CMOS C =CMOS 
FC =5.0, 1 MHz LC =Low Power CMOS 
LC =Low Power CMOS CR =CMOS ROM 
AA =1.8V LCR =Low Power CMOS ROM 
LV =Low Voltage EPROM LV =Low Voltage 
HC =High Speed EPROM F = Flash Program Memory 
LCS =Low Power Security FR =Flex ROM 
Options Options 
F = twc = 200 ps (28CXX devices) T = Tape and Reel 


| X = Rotated pinout (93LCXX devices) 
T = Tape and Reel 





Speed (Parallel Devices Only) Crystal Frequency Designator 
55 =55ns LP = Low Power Crystal 
70 =70ns RC = Resistor Capacitor 
90 =90ns XT = Standard Crystal/Resonator 
10 =100ns HS = By it speed Crystal 
12 =120ns 02 =2MH 
15 =150ns 04 = 300kHz (LP mode) 
17. =170ns 04 =4MHz (XT & RC mode) 
20 =200ns 10 =10MHz 
25 =250ns 20 =20MHz 
30 =300ns 25 =25 MHz 
33. =33 MHz 
Temperature Temperature ~ 
Blank = 0°C to +70°C Blank = 0°C to +70°C 2) 
| = -40°C to +85°C | = -40°C to +85°C x 
E  =-40°C to +125°C —  E  =-40°C to +125°C oO 
Package Package =) 
L = Plastic Leaded Chip Carrier L = Plastic Leaded Chip Carrier (PLCC) (© 
P = Plastic Dual In-Line Package P - =Plastic Dual In-Line Package (PDIP) 
S) = Die in Waffle Pack S = Die in Waffle Pack 
W~ =Die in Wafer Form W_ = Die in Wafer Form 
| MR_~ =8-Contact Chip-On-Board 35 mm Tape CB =Chip On Board (COB) 
MT =8-Contact vane Chip-On-Board CL =68-Lead Ceramic Quad (CERQUAD) with Window 
OT =5-Lead Small Outline Transistor (SOT) JW =Ceramic Dual In-Line Package (CERDIP) with Window 
SL = ve Lead Small Outline - 150 mil PQ = Plastic Metric Quad Flat Pack (MQFP) 
SM_ =8-Lead Smail Outline - 208 mil PT =Thin Quad Flatpack (TQFP) 
SN = 8-Lead Small Outline - 150 mil SM_ = 8-Lead Smail Outline - 208 mil 
SO = Small Outline - 300 mil SO = Small Outline (SOIC) - 300 mil 
SS___= Shrink Small Outline Package - 209 mil SP = Skinny PDIP 
ST = =Thin Shrink Small Outline Package - 4.4 mm SS == Shrink Small Outline Package (SSOP) - 209 mil 
TO =3-Lead Plastic Transistor Outline TS =Thin Small Outline (TSOP) - 8mm x 20mm 


TS = =Thin Small Outline - 8mm x 20mm 

TT . =393-Lead Plastic Small Outline Transistor 
VS =Very Small Outline - 8mm x 13.4mm 
WF = Sawed Wafer on Frame 


Pattern Pattern 
QTP, SQTP, ROM Code or Special Requirements QTP, SQTP, ROM Code or Special Requirements 
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MICROCHIP 
Packaging Diagrams and Parameters 
CERAMIC SIDE BRAZED DUAL IN-LINE FAMILY 
K04-084 8-Lead Ceramic Side Brazed Dual In-line with Window (JW) — 300 mill ......... eee eeeeee 11-4 
K04-083 28-Lead Ceramic Side Brazed Dual In-line with Window (JW) — 300 mil ............ cece 11-5 
CERAMIC DUAL IN-LINE (CERDIP) FAMILY 
KO04-010 18-Lead Ceramic Dual In-line with Window (JW) — 300 Mil ou... cece cccceeeeeeeeeeseneees 11-6 
K04-080 28-Lead Ceramic Dual In-line with Window (JW) — 300 Mil oo... eee cc eeeeeeeeeeeeeeeeens 11-7 
K04-013 28-Lead Ceramic Dual In-line with Window (JW) — 600 Mil ou... eee eeecececeeeeeeeeeeeneees 11-8 
K04-014 40-Lead Ceramic Dual In-line with Window (JW) — 600 Mil ou... eeeeceeeeeeeeeeteeeneees 11-9 
CERAMIC CHIP CARRIER FAMILY 
K04-097 68-Lead Ceramic Leaded (CL) Chip Carrier with Window — Square ..............eeeeeeeneees 11-10 
8-CONTACT SINGULATED CHIP-ON-BOARD 
K04-099 8-Contact Singulated Chip-On-Board (MT) ............cccssessssccccceeeessessessesseeeecesseceeeeeesseaaaes 11-11 
K04-100 8-Contact Chip-On-Board 35 mm Tape (MR) ...............::::sssssseseeessesesesessssssseesenensenaneaes 11-12 
SMALL OUTLINE TRANSISTOR 
K04-101 3-Lead Plastic Transistor Outline (TO) ............. eee ceceseseeeeeeeeseeeeeeeeeeseneeenseeeeeeeneeeeeas 11-13 
K04-104 3-Lead Plastic Small Outline Transistor (TT) 2... eee cecceceeessseeceeeeeeeeeseeeeceeeeeeeeseeeeesenes 11-14 
K04-091 5-Lead Plastic Small Outline Transistor (OT) ........... eee eeseceeececeeeeeeeeeetetsaneneeeseeeeesessaaes 11-15 
PLASTIC DUAL IN-LINE (PDIP) FAMILY 
K04-018 8-Lead Plastic Dual In-line (P) — 300 Mill... cccceneneeeecceeeeeeceeerecesanseeeeeeseanens 11-16 
K04-005 14-Lead Plastic Dual In-line (P) — 300 Mil ou... eee eeeceecececessesneceeeeeeesttnneeeeeeeseeeeeeees 11-17 
K04-017 16-Lead Plastic Dual In-line (P) — 300 Mil o.oo... ccceceeeeeeeeeeeeeeeeeeeeteeeeeeeeeeeeseneees 11-18 
K04-007 18-Lead Plastic Dual In-line (P) — 300 Mil ooo... eccseseeeeeeeeeeeeeeetereeeeeeeeeseseseneee 11-19 
K04-019 20-Lead Plastic Dual In-line (P) — 300 Mil oo. eee eeeeereeeeeseneeeenees waavageedetenreeens 11-20 
K04-008 22-Lead Plastic Dual In-line (P) — 400 Mill... eccccccceceeccnessseeeeeeeeeeeecesseeanseeeeeeeees 11-21 
K04-081 24-Lead Plastic Dual In-line (P) — 600 Mil ou... ee eeeeeeeeeeeeeeeeeeeenen sd wagseuustuis oxites 11-22 
K04-043 24-Lead Skinny Plastic Dual In-line (SP) — 300 mil ......... eee cecceessssetenseceeeeeeesesseaees 11-23 
K04-070 28-Lead Skinny Plastic Dual In-line (SP) — 300 mil .......... ce cecceceeessssesssreeeceeteessesaes 11-24 
K04-079 28-Lead Plastic Dual In-line (P) — GOO Mil oo ee eeeeeeseeeeeeeescseeeeaeseeserseeeeeeees 11-25 
K04-016 40-Lead Plastic Dual In-line (P) — G00 Mil 00... eeseeeteseteeeeteeeeneneceeteeecaneaetenetsesnens 11-26 
K04-022 48-Lead Plastic Dual In-line (P) — 600 Mill ......... ccc ceeesecesececeneeesseeessseeeeneeeeseeesaeees 11-27 
K04-090 64-Lead Shrink Plastic Dual In-line (SP) — 750 Mil 0... ceeeeeeeeesereesereeteeeeeees 11-28 
PLASTIC LEADED CHIP CARRIER (PLCC) FAMILY 
K04-064 20-Lead Plastic Leaded Chip Carrier (L) — Square ......... occ ccccecseeeeeeseeeeeeeeeeeseneneanens 11-29 
K04-026 28-Lead Plastic Leaded Chip Carrier (L) — Square ....... i eecesssseeeeeeceenecseeneaeeeeesaanes 11-30 
K04-023 32-Lead Plastic Leaded Chip Carrier (L) — Rectangle ...........eeeesesssssnereneeeeeeesssaees 11-31 
K04-048 44-Lead Plastic Leaded Chip Carrier (L) — Square ............ cc ccccccccesssesssssssesseeeeesseeeees 11-32 
K04-049 68-Lead Plastic Leaded Chip Carrier (L) — Square ......... ec eccccceesesssssssssssseneeressseees 11-33 - 
K04-093 84-Lead Plastic Leaded Chip Carrier (L) — Square ........... ce ceecceccccscceeceeteccecceseeeeesessesns 11-34 
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Packaging Diagrams and Parameters 





PLASTIC SMALL OUTLINE (SOIC) FAMILY 


K04-057 8-Lead Plastic Small Outline (SN) — Narrow, 150 Mill ..........ceceeseeeesteeeeeeeeeeeeeeeeeees 11-35 
K04-056 8-Lead Plastic Small Outline (SM) — Medium, 208 Mil 0.0.0... ccssssesseeteeeeeseeeeeeeeeeees 11-36 
K04-065 14-Lead Plastic Small Outline (SL) — Narrow, 150 Mil 2.0.0.0... ccecseceesseeeeeeeeensanensaees 11-37 
K04-102 16-Lead Plastic Small Outline (SO) — Wide, 300 mil Body .0........ ee eeeeeeeeeeeeeeeeeteeeeees 11-38 
K04-051 18-Lead Plastic Small Outline (SO) — Wide, 300 mill... eccsssesssteeeseseeeeeereeseees 11-39 
K04-094 20-Lead Plastic Small Outline (SO) — Wide, 300 Mill ..........cesesessseeteeceeeeeesseseeeens 11-40 
K04-098 24-Lead Plastic Small Outline (SO) — Wide, 300 Mil 0.0.0... eseeseeseseeteesessseetseeeseeees 11-41 
K04-052 28-Lead Plastic Small Outline (SO) — Wide, 300 mil 20.0... sesseeesesseeteeeeesseeeseeseneees 11-42 
K04-066 28-Lead Plastic Small Outline (SO) — Wide, 330 Milo... ceeceseesesteeseeeeneeeeeseeeees 11-43 


PLASTIC SHRINK SMALL OUTLINE (SSOP) FAMILY 


K04-103 14-Lead Plastic Shrink Small Outline (SS) — 5.30 MM 2.0.0... eceeeeseeeteseeeceeeeeeeeeeeeenes 11-44 


K04-072 20-Lead Plastic Shrink Small Outine (SS) — 5.380 MM 2.0... cscssetssessessteecteeeneesseeeeeees 11-45 
K04-073 28-Lead Plastic Shrink Small Outline (SS) — 5.30 MM... sseeeeseeesteeeeeeneeneeeeeeeees 11-46 


PLASTIC THIN SHRINK SMALL OUTLINE (TSSOP) FAMILY 


K04-086 8-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 MM oo... cece eeeeeeneeeneeeneeeeeeeees 11-47 
K04-087 14-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 MM ou... cece eeeeneeeeeeeeeeeeeeeeees 11-48 
K04-088 20-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 MM ue eee ceeseeeceeeeeeneeeeeeees 11-49 
K04-089 28-Lead Thin Shrink Small Outline (ST) — 4.4 MM... eeeeteeeeeeeeeeseeeeeeereeeeesesseeees 11-50 


PLASTIC THIN SMALL OUTLINE (TSOP) AND VERY SMALL OUTLINE (VSOP) FAMILY 


K04-067 28-Lead Plastic Thin Small Outline (TS) — 8 X 20 MM oun... eeeeeeeeeeeeeeeeeneeeeeeeeeeees 11-51 
K04-068 32-Lead Plastic Thin Small Outline (TS) — 8 X 20 MM. ou... eee eeeeeeeeeeceesenteseseeeeceeeeeens 11-52 
K04-075 28-Lead Plastic Very Small Outline (VS) — 8 X 13.4 MM 0... ce cece seseeeeneeeeeeeeneeeeees 11-53 


PLASTIC QUAD FLATPACK (QFP) FAMILY 


K04-071 44-Lead Plastic Quad Flatpack (PQ) 
10x10x2 mm Body, 1.6/0.15 MM Lead Form ...............ccesssseeececceesssseseececsenececauaaseecceeseeees 11-54 


PLASTIC THIN QUAD FLATPACK (TQFP) FAMILY 
K04-076 44-Lead Plastic Thin Quad Flatpack (PT) 


10x10x1 mm Body, 1.0/0.1 MM Lead FOr 2.0... eeeetcteenecerterenecccececeeeeeeeeeenensesereeees 11-55 
K04-085 64-Lead Plastic Thin Quad Flatpack (PT) 

10x10x1 mm Body, 1.0/0.1 MM Lead Form... ee cessssssceneeeeeeeeeeeeseesaeeseeeeeeseseesseaes 11-56 
K04-092 80-Lead Plastic Thin Quad Flatpack (PT) 

12x12x1 mm Body, 1.0/0.1 MM Lead Form 20.0... eeeeeeeenceneeneseeencecsececeesseeeeeseeeeeeeerees 11-57 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-084 8-Lead Ceramic Side Brazed Dual In-line with Window (JW) — 300 mil 








INCHES" 











[Dimension Limits S| S| 3S MIN, | NOM | MAX | MIN | NOM | MAX 
PCB Row Spacing a ee eS) ee ee ee 2 
[NumberofPins tn S| 






[Pitch = tT S098 0. 100|—~—o.t02| 49] 54] 259 
|LowerLeadWidth ss (BO | .016| 0.018] 0.020} ~—.4t| 46 | OS 
|UpperLeadWidth [BY | 0.050} 0.055] 0.060] 1.27| 1.40] 1.52 | 
|LeadThickness tc | 0.008/ —0.010_—~—0.012|_— 0.20] 0.25| 0.30 
|ToptoSeatingPlane [A] 0.145] 0.165] 0.185] 3.68] 4.19] 4.70 
|Top of Body to Seating Plane_[A1 | 0.103» 0.123] 0.143] 2.62| 3.12] 3.63 | 
|BasetoSeatingPlane ss |A2_| 0.025 0.035] 0.045] 0.4] 0.89] .14| 
|TiptoSeatingPlane [LC] 0.130] 0.140] 0.150] 3.30] 3.56] 3.81 
|PackageLength == ss s(D | 0.510] _——0.520| 0.530] 12.95] 13.21| 13.46 
|PackageWidth = CTE | 0280/0290] 0.300} 7.11] 7.37] 7.62 | 
|OverallRow Spacing [eB | 0.310] 0.338] 0.365] 7.87| 8.57] 9.27, 
[Window Diameter |W | .161] 0.166] 0.171] 4.09) 4.22] 4.34] 
[LidLength TTT 40] 0.450] 0.460 11.18] 14.43| 11.68) 
[Lidwidh = CT 0260] 0.270] 0.280] ~—s 60] ~— 6.86] 7.11 
* Controlling Parameter. 
JEDEC equivalent: MS-015 AH 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: KG4-083 28-Lead Ceramic Side Brazed Dual In-line with Window (JW) — 300 mil 


eo 





A At 












PCB Row Spacing a +) Ay 2 
Number of Pins Eee Seater ER) ee A tienen (Cee (| Ree 
|Pitth Cp T0098] 0.100] 0.102] 2.49} 2.54) 2.59 
jLowerLeadWidth sss [BLL 0.016| 0.018} 0.020| 0.4] 0.46) 0.51 
|UpperLeadWidth ss | BY | 0.048] 0.050] 0.052] 1.22] 1.27] 1.32 | 
jLeadThickness tc | 0.008] 0.010] 0.012] 0.20] 0.25] 0.30 
Top to Seating Plane A | 0.155] 0.177] 0.198] 3.94) 4.48] 5.03 | 


- 
pe] 
© 

Units INCHES" MILLIMETERS a 

|Dimension Limits S| S| MIN, | NOM | MAX | MIN | NOM | MAX __ 2. 
> 

eo} 




















| Top of Body to Seating Plane [A1_ | 0.115] 0.135] 0.155] 2.91] 38.42] 3.92 
|BasetoSeatingPlane ss |A2_ | 0.040] 0.050] 0.060] 1.02] 1.27] 1.52. 
|TiptoSeatingPlane [Ls] 0.130] 0.140] 0.150] 3.30] 3.56] 3.81 | 
|PackageLength 1D 1.386] 1.400] 4.414] 35.20] 35.56] 35.92 | 
|PackageWidth sss TE | 0.280] 0.290] 0.300] 7.11] 7.37] 7.62 
|OverallRow Spacing ss feB_ | 0.310] 0.316] 0.322] 7.87] 8.03] 8.18. 





|Window Diameter |W 61| 0.166] 0.171] 4.09] 4.22] 4.34 





Lid Length 'T | 0.490] 0.500) 0.510 12.45 12.70] 12.95] 
jLidWwidth = aC tis E S75] 0285] 0.205] 99] 7.24] 7.49, 
* Controlling Parameter. 
JEDEC equivalent: MS-015 AA 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-010 18-Lead Ceramic Dual In-line with Window (JW) — 300 mil 



























Al 
L 
hoe eB earl Ae Bi = | ; 

B p 
Units NCHES* | MILLIMETERS 
DimensionLimits | S| MIN, | NOM | MAX | MIN | NOM | MAX | 
IPCBRowSpacing | tT 00] | 
INumberofPins tp S| BT 
Pitch = tp] 0098| 0.100} 0.102] 2.49] 254] 2.59) 
lLowerLeadWidth ss (BT .016| =~ .t9| 0.021] 4] 0.47] 0.53 
lUpperLead Width BY | 0.050| 0.055] 0.060] 1.27/40] 1.52 | 
ShoulderRadius IR | 0.010] 0.013] 0.015] 0.25] 0.32] 0.38 
LeadThickness sfc |S 0.008| 0.010] 0.012] 0.20] 0.25] 0.30 
‘Top to SeatingPlane A] 0.175] 0.183] 0.190] 4.45] 4.64] 4.83 | 
Top of LeadtoSeatingPlane__|A1_| 0.091]. 0.144] 0.131] 2.31] 2.82] 3.33] 
Base to SeatingPlane ss [A2_— | 0.015| 0.023 0.030] _~—0.00|_— 0.57 0.76 
Tipto SeatingPlane [Ls] 0.125] 0.138] 0.150] 3.18] 3.49] 8.81 
PackageLength ss (D| 0.880] 0.900] 0.920) 22.35] 22.86] 23.37, 
PackageWidth IE] 0.285] 0.208] 0.310] 7.24] 7.56] 7.87, 
Radius to RadiusWidth ——|E1_— | 0.255] 0.270] 0.285| 6.48] 6.86] 7.24 | 
OverallRow Spacing ss [eB | 0.345| 0.385] 0.425] 8.76] 9.78] 10.80. 
Window Width |W] 0130/0140] 0.150] 0.13] 0.40.15 | 
WindowLength ss W2 | 190] 0.200] 0210/19] 0.2] 0.21 

* Controlling Parameter. 
JEDEC equivalent: MO-036 AE 
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NMICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-080 28-Lead Ceramic Dual In-line with Window (JW) — 300 mil 


W2 D 















































ae ui te aan 


IPCBRowSpacing | | | 00} |] 
INumberofPins In S| | 
Pith =p 098} 0.100] 0.102] 2.4] 254] 2.59 
lLowerLeadWidth ss |B | 0.076] 0.019] 0.021] 0.41] 0.47] 0.53 | 
[UpperLeadWidth [BY | 0.050] 0.058] 0.065] 4.27] 1.46] 1.65, 
ShoulderRadius IR | 0.010] 0.013] 0.015] 0.25] 0.32] 0.38 | 

| 0.25] 0.30 


"UO 
Sy) 
2) 
2d 
9) 
©. 
S 
© 





Lead Thickness st | 0.008] 0.010] ~—0.012| 0.20 

ToptoSeatingPlane IA | 0.170] 0.183] 0.195] 4.32] 4.64] 4.95 | 
Top of Leadto Seating Plane__|A1_| —0.107|_— 0.125] 0.143 2.72] 3.18] 3.63, 
Base to SeatingPlane ss |A2_—s | 0.015| 0.023 0.0380) ~~ 0.00|_~—S—0.57|_—iO.76 | 
Tipto SeatingPlane [Ls] S015] 0.140] 0.145] 3.43] 3.56] 8.68, 
PackageLength ss (DT 1.430] 1.458] 1.485] 36.32] 37.02] 37.72 
Package Width = CE | 0.285] 0.290] 0.295] 7.24] 7.37| 7.49) 
[Radius toRadiusWidth Ss |E1_— | 0.255] 0.270| 0.285] 6.48] 6.86] 7.24 | 
OverallRow Spacing _——ssifeB | 0.345] 0.385] 0.425] 8.76] Ss 9.78| 10.80 
Window Width (WA 0.130] 0.140] 0.150] 0.13] 0.14] 0.15 | 
WindowLength ss  (W2 | 0.290] —0.300|_ 0.310] ~~ 0.29] 0.30.3 | 

* Controlling Parameter. 
JEDEC equivalent: MO-058 AB 
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MICROCHIP 








Packaging Diagrams and Parameters 








Package Type: K04-013 28-Lead Ceramic Dual In-line with Window (JW) — 600 mil 



























L 
Units INCHES" 
[Dimension Limits | S| 2S MIN, | NOM | MAX | MIN | NOM | MAX __ 
IPCBRow Spacing | || OO} | 
INumberofPins In S| TB 
Pith Sp 0.098] 0.100] 0.102] 249] 254] 2.59 
LowerLeadWidth [BT 0.016] 0.019] 0.021] 0.41] 0.47] 0.53. 
UpperLeadWidth ss [B1 | 0.050] 0.058] 0.06] 1.27] 1.46] 1.65 
ShoulderRadius IR] 0.000] 0.005] 0.010] 0.00] 0.130.285 | 
LeadThickness sc | 0.008] 0.010] 0.012] 0.20] 0.25] 0.30 
ToptoSeatingPlane [A .t70] 0.185] 0.200] 4.32] 4.70] 5.08 | 


Top ofLeadto SeatingPlane [Ai | 0.110] 0.128] 0.146] 2.78] 3.24] 3.70) 
Base to Seating Plane a2 | 0.015] 0.038] 0.060] 0.00] 0.95] 1.52 
TiptoSeatingPlane LE] 0.125] 0.138] 0.150] 3.18] 3.49] 8.81. 
PackageLength ss (D| 1430/1460] 1.490 36.32) 37.08] 37.85) 
Package Width IE | 0.514] 0.520] 02.526] 13.06] 13.21] 13.36 | 
Radius to Radius Width |E1_| 0.560} 0.580] 0.600] 14.22| 14.73] 15.24 
Overall Row Spacing eB | =~ 0.610] 0.660] _~—0.710|~—15.49| —16.76| __—18.03 | 
Window Diameter [W270] 0.280] 0.200] 6.86] 7.41] 7.37 
* Controlling Parameter. 
JEDEC equivalent: MO-103 AB 








DS00049J-page 11-8 © 1998 Microchip Technology Inc. 





MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-014 40-Lead Ceramic Dual In-line with Window (JW) — 600 mil 









Units INCHES | MILLIMETERS 
[Dimension Limits | ~S| 3S MIN, =| NOM | MAX | MIN | NOM | MAX | 
IPCBRowSpacing | S| S| SO} | 5 
INumberofPins tn S| 

Pitch a 


LowerLeadWidth ss |B | 0.016 0.020 AN | 0.58. 
lUpperLeadWidth [BY | 0.050] 0.053] 0.055] 1.27] 1.33] 1.40 
ShoulderRadius Rs |_ 0.000] 0.005] 0.010] 0.00] 0.13] 0.25 | 
| 0.28] 0.36 | 

|___ 5.59) 






"U 
pa) 
QO 
~~ 
Q) 
(Q 
ae 
© 










LeadThickness sfc] 0.008] 0.014] 0.014] 0.20 
Tos to Seating Plane A | 0.190] 0.205] 0.220] 4.83] 5.21. 
Top ot Lead to Seating Plane _1A1_/_0.117|_0.196} _0.163{_2.97} _3.431_.69 
Base to SeatingPlane ss |A2_—s|_— 0.030] 02.045] 0.060] 0.00] 1.14] 1.52 
Tip to Seating Plane || 0.198 0-140 0.145 3.43 a'56| 3.68 
Package Length ss [DT 2.040] 2.050] 2.060] 51.82] 52.07| 52.32 | 
ackage Width E | 0.514] 0.520] 0.526] 13.06] 13.21] 13.36) 
Radius to Radius Width [ET | 0.560] 0.580] 0.600] 14.22] 14.73] 15.24 











Mt 







[Overall Row Spacing  _———i[eB =| ~—si0.610| _0.660 0.710 18.03 
[Window Diameter  =—=s—(§$ 5s (WTS i.40] ~—s 0.350] ~—0.360] ~=—s 8.64] ~— 8.89] 9.14 





" Controlling Parameter. 
JEDEC equivalent: MO-103 AC 
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Packaging Diagrams and Parameters 





Package Type: K04-097 68-Lead Ceramic Leaded (CL) Chip Carrier with Window — Square 


E1 


——F ea nt ames 








oO 
O 
ond 





units | INCHES* | MILLIMETERS 
[Dimension Limits || =| SC MIN, | NOM | MAX | MIN | NOM | MAX 
INumberofPins [pn | TT 
POU a ee ee ee OBO eae ee eee el 
Overall Pack.Height Ss |A_ | 0.165] 0.175] 0.185] 4.19] 4.45] 4.70) 
Shoulder Height [AT | 0.090] 0.105] 0.4120) 2.20) 2.67) 8.05 | 
Standoff ART 0.03] 0.040] 0.050] 0.76] 1.02] 1.271 
Side1ChamferDim. |A3_— | 0.030] 0.035] 0.040] 0.76] 0.89] 1.02 
[Corner Chamfer(1)_ Ss [CH1_— | 0.030] 0.040] 0.050] 0.76] 1.02] 1.27, 













[Corner Chamfer(other) _ |[CH2_ | 0.020| 0.025] 0.030] 0.51] 0.64] 0.76 | 
Overall Pack.Width ss [E1_—| 0.983] 0.988) 0.993] 24.97] 25.10] 25.22 
| 0.983| 0.988] 0.993] 24.97| 25.10] 25.22 
Ceramic Pack.Width [Es | 0.942] 0.950] 0.958] 23.93] 24.13] 24.33 | 
(Ceramic Pack.Length  |[D_— | 0.942] 0.950] 0.958] 23.93] 24.13] 24.33] 
FootprintWidth ss JE2_— | 0.890] 0.910] 0.930] 22.61] 23.41] 23.62 
FootprintLength [02 







| 0.890} 0.910] 0.930] 22.61] 23.11] 23.62. 
Pins alongWidth int | 
lLeadThickness_ fc |S 0.008] 0.010] 0.012] 0.20] 0.25] 0-80 
UpperLeadWidth ss [B1_— | 0.026 0.029] 0.031] 0.66] 0.72] 0.79) 
LowerLeadWidth [BLT 0.015] 0.018] 0.021] 0.38] 0.46] 0.53 | 


- 


a 






UpperLeadLength Ls] 0.045] 0.050] 0.055] 1.14] 1.27] 1.40 
Shoulder Inside Radius [Ri | 0.003] 0.005] 0.010] 0.08] 0.13] 0.25, 
J-Bendinside Radius |R2_— | 0.020] 0.030] 0.040] 0.51] 0.76] 1.02, 
Window Diameter ss |W | 0.370] 0.380] 0.390] 9-40] 9.65] 9.91 | 





* Controlling Parameter. 
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NMICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-099 8-Contact Singulated Chip-On-Board (MT) 


Controlling units: millimeters; [Reference units: inches] 
Tolerances: +0.13[0.005] 


r 1.50[0.059] 
1.40[0.055] 
1.50[0.059] 
















RO.65[R0.026] 


C5 2.42[0.095] 

0. 20[0.008] 
7 2.38[0.094] 

5 .80[0.228] ——+0. 20[0.008] 
pp 2.38[0.094] 

——+0. 20[0.008] 


ree 2.42[0.095] 


| 0.60[0.024]MAX 


R1.20[R0.047] 





11.20[0.441] 








R2.00[R0.079] 


"U 

pel) 

QO 
— 
pa) 
ico) 

a 
Ce) 


7.40[0.291] 10.20[0.402] 





C2 





7.20[0.283] 
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MICROCHIP 
Packaging Diagrams and Parameters 
Package Type: K04-100 8-Contact Chip-On-Board 35 mm Tape (MR) 
Controlling units: millimeters 
Tolerances: +0.13[0.005] 
PUNCH OUT POSITION 





14.20 31.83 35.00 
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MICROCHIP 








Packaging Diagrams and Parameters 








Package Type: K04-101 3-Lead Plastic Transistor Outline (TO) 

















| INCHES* | MILLIMETERS 
| MIN | NOM | MAX _ 
aa | 
10.180 


| NOM _| 
fie ae eee 
3.30 | _- 3.94 
| 1.33] 1.52 


| MIN | 
ae 
tat 
0.143 ate — ie 
5 14 
0.189 | 0.195] 4.32] 4.64] 4.95 
as 
| 2.16! 
| 0.41 
ot _...0:36 


Units 








| 0.143 | 
Top of Lead to Package Flat__a1_{_0.0481 _0.083] _0.060 


Molded Package Radius [a 0.085| 0-000] 0095 [22a 2a 
Lead Width ____e"_| _o.016| 0.018 0.022 | 0.48] 0.56 
| 0.43] 0.51, 
Tip to Seating Plane ———~‘(L__| __0.500|__0.555[ _0.610| 12.70| 14.10 __ 15.49) 
Pree CA | | | SSE | 
Mold DraftAngle Bottom ss [B_— | 2} 


* Controlling Parameter. 

T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.” 
JEDEC equivalent: TO-92 
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MICROCHIP 





Packaging Diagrams and Parameters 








Package Type: K04-104 3-Lead Plastic Small Outline Transistor (TT) 





R2 


RG Gea 



















Units 

Dimension Limits | CU hn | Nom | max | MN | MAX 
Pith ss dip SCT CCC cop} CT SC 
INumberofPins ss in S| CT CECT lS 
IShoulderHeight _—Ss—sJA1_ S| =~ .010| ~—0.020| ~—0.030| —o.25| ~—S 0.50] ~_—=. 75 
Standoff Ss sd? ~—sCid|S it ~—.002| ~~—0.004| ~—Sso.ot| ~——o.oe| ~——s.t0. 
[Molded Package Lenath___|D+ | 0.i10] 0.115] 0.120] ~—2 80] ~~ 2.92] 3.04 | 
IMolded Package Width |E* ~—ss || ~——0.047|_—s0.051| —0.055| ~—1.20| 4.30] 4.40 
Outside Dimension _—iE1_~—s—s| ~——0.083| —0.093| ~—0.t04|_ St] =~ 7] 
IShoulderRadius [RA s| =~ 0.005] ~—0.005|_~—s.010| ~—Ss0.13] ~~ 0.3] ———.25 | 
GullWingRadius  ———s|R2——s| S005] ~—0.005| ~—o.t0| ~—S 3] S03) 0.25, 
FootLength —s—s<s LK CC; SS 0002| ~—0.006| ~ —0.011| 0.04] ~—.t| si. | 
FootAnde sss ss —CiT|CS CC (titC Ct] S—“(tiéiTTSCCCi5| St 
[Radius Centerline {L1 | 0,000! __0.001| _—0.005| ~—=—0.00|_~—S—0.03| ~_—s0.13 | 
lLeadThickness ssc =~ Ss] SS 0.008| —0.005| ~—s 0.0071 ~—o.oo| 0.13] St 
lLowerLeadWidth ss (Bt | = 0.015| ~—.047| ~—c.020| ~—so.g7| nal 51 | 







Mold DraftAngieTop fas] SS tof SS Ct 
Mold Draft Angle Bottom |B | ot Ss} StS} S| 


* Controlling Parameter. 
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B’’ 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E”’ 
JEDEC equivalent: TO-236 AB 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-091 5-Lead Plastic Small Outline Transistor (OT) 


MILLIMETERS 
| NOM | MAX | 
| 0.037, 
ae ae 
0.037 


Builbeyoed 


| 0.102] 0.110] 0.118 | 
| 0.005] —0.005{ 0.010] 0.13 
0.1 


Mold Draft Angle Top 
Mold Draft Angle Bottom 


* Controlling Parameter. 
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E”’ 
JEDEC equivalent: MO-178 AA 
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Packaging Diagrams and Parameters 








Package Type: K04-018 8-Lead Plastic Dual In-line (P) — 300 mil 
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units INCHES* | MILLIMETERS 
[Dimension Limits =| | SO MIN, | NOM [| MAX [| MIN” | NOM [| MAX 
PNG OP ANN as Ve NB oe ae ee Oe an 
Pitch toot 
lLowerLeadWidth (BT 0.014| 0.078] 0.022| 0.386] 0.46] 0.56, 
lUpperLeadWidth BIT | 0.055} 0.060] 0.065] 1.40] 1.52] 1.65, 
Shoulder Radius Ss [R_ | 0.000] 0.005] 0.010} 0.00) — 0.13] 0.25 | 
LeadThickness fe | 0.006] 0.012] 0.015] 0.20] 0.29] 0.38 | 
Top to SeatingPlane [A | 0.140] 0.150 0.60] 3.56] 3.81] 4.06 | 
Top ofLeadto Seating Plane [Ai | _0.060|__—0.080{ 0.100] 1.52] 2.03] 2.54 | 
Base to Seating Plane [A2_—| 0.005] 0.020] 0.035] 0.13] 0.51] 0.89 
TiptoSeatingPlane [LE] 0.120] 0.130] 0.140 3.05] 3.30] 3.56, 
PackageLength (DE | 0.355] 0.370] 0.385 9.02] 9.40] 9.78, 
Molded Package Width ss E* | 0.245| 0.250] 0.260| 6.22 | 

Radius to Radius Width ss [E1_ | 0.267) 0.280] 0.292| 6.78] 7.10] 7.42. 
OverallRow Spacing eB | 0.310] 0.342] 0.380] 7.87/67] 9.65 | 
Mold DraftAngleTop sta =~] SS] tO] tT tO 
Mold Draft Angle Bottom __—s [p= | 5] St] St] CS] Ct] 






* Controlling Parameter. 
t Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or.0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-001 BA | 
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Packaging Diagrams and Parameters 





Package Type: K04-005 14-Lead Plastic Dual In-line (P) — 300 mil 


al 
>t 





i 
| 
2 












B 
eB 
B 

[Units Cd] CE INCHES* | MILLIMETERS | 
[Dimension Limits =| 3S | 3S MIN, | NOM | MAX | MIN | NOM _| MAX _| BS 
[PCBRowSpacing =| S| S| S00} TCT i) 
[NumberofPins in S| ay 
PHC ne Pe OAON) es = ol BA | 2. 
[LowerLeadWidth  =——(§$s5§s s/B | 0.013] 0.018} ~—0.023;_— 0.33] 0.46] (O58 S 
[UpperLeadWidth (sss BIT | 0.055] 0.060] _~— 0.065] ~— 1.40] 1.52] 1.65) eS 
[ShoulderRadius CTR 0.000 0.005] ~— 0.010} —0.00]—S.13] 0.25 | 

[LeadThickness tc | 0.006 =~ 0.010 0.012| 0.20) ~~ 0.25| 0.30 
[ToptoSeatingPlane JA] 0.120] 0.145] 0.170] 3.05] 3.68] 4.32 














[Top of Leadto Seating Plane |A1_ | 0.065] 0.085] 0.105] 1.65] 2.16] 2.67 
[pase o Seating Plane ___{az_["o.000{ 0.015| 0.0a5| “0.00 o.aal 0.89 
[TiptoSeatingPlane LC] 0.125] 0.130] 0.135] 8.18] 3.30] 3.43 | 
TPaskage Lengih [oF | o.7a0| —0750| —o.760|te.80| va.05 —a:30 
[Molded Package Width |E# | ~—0.240| 0.245] 0.250] 6.10] 6.22] 6.35 | 
[RadiustoRadiusWidth ss |E1_ | ~——0.260| 0.280] 0.300] 6.60|_—7.11| 7.62 
|OverallRow Spacing ss feB_ | =~ 0.310] 0.368] 0.425] 7.87] 9.33] 10.80 
[Mold DraftAngieTop la | _—s|_——stoi_——st5] S| Sst] 
[Mold Draft Angle Bottom «|B =| 5] St] tt] tS 


. Controlling Parameter. 
T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010"(0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-001 AA 





On 


on 
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Packaging Diagrams and Parameters 





Package Type: K04-017 16-Lead Plastic Dual In-line (P) — 300 mil 


eB 


Dimension Limits 

PCB Row Spacing 
Number of Pins 

Pitch 

Lower Lead Width 
Upper Lead Width 


Shoulder Radius | 0.000] 0.005 | __—0.010 | 
| __0.006 | 


Lead Thickness | 


0.006 
Top of Lead to Seating Plane 
[Base toSeatingPlane ss |A2_—s| =~ 0.000| ~— 0.015 | 0.035 | 
[TiptoSeatingPlane [LC | 0.125] 0.130] 0.15 | 
|PackageLength  —s—s“$“<ssSF | 0.740] ~— 0.750 | _—O2«.760 | 
|Molded Package Widths (EF | 0.240| 0.245 | 0.250 
|RadiustoRadiusWidth ss [E1_—|_ 0.260] ~— 0.280 | ~_—0.300| 


* Controlling Parameter. 





MAX 
7.62 | 


O1nM 
Or 
| ihe) 


0 


| 0.00 
| __(0.20) 
| 3.05) 


oak, 


oO 
—_— 
wo 


; 
rep) 
co 


4.32 
| 152) 2.03] 54 
| 0.00] S38] 0.89 
| 3.18} 3.30] 3.43 | 
19.30 
6.10| 6.22. 
| 6.60] 7.111 7.62 
10.46 
aa Sa 
| CT 107 


—- 
or 


15 


t Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.” 


JEDEC equivalent: MS-001 BB 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-007 18-Lead Plastic Dual In-line (P) — 300 mil 



























Unis SSCSCSCSSSSd INES dSLR 0 
Dimension Limits || MIN | NOM | MAX | MIN | NOM | MAX | 05 
PCB Row Spacng «iT «dP CSC OOC“‘“RNSO#‘;SCOC‘#w@iCsC*d 2 
Number ofPins sin =| —SSCSC~iSCt~i‘iVZYTSC“‘“‘dYSSC~‘(;T”Sé‘SS@|OC*” ® 
Pi OO 7 
lLowerLeadWidh —~+(iB_| 0013] 0.018] 0.023, 0.33| 0.46) 0.58 Fs 
[UpperLead Width [Bi | 0.088] 0.060] 0.065] 1.40| _1.52| 1.68 | 
Shoulder Radius |R | 0.000] 0.005] 0.010] 0.00] 0.13] 0.25 
Lead Thickness |e | 0.005] 0.010] 0.015] 0.13] _025| 0.38 


FTop of Lead to Seating Plane _[A1_| 0.075| _0.005[ 0.115] 1.01[ 241] 2.92 
[Base to Seating Plane [A2_| 0.000[ 0.020] 0.020] 0.00 051] 0.51 
Tip to Seating Plane _—-‘(L__| 0.125| 0.130| 0.195] 3.48] 330] 3.43 
Package Length [D¥ | 0890, 0.895| _0.900| 22.61] _2.73| 22.86 
[Molded Package Width |E* | 0245| 0.255] 0.265| 6.22 648|___—6.73, 
Radius to Radius Width {E17 _| 0.230] 0.260] 0.270] 5.64] 6.35] 6.86 
Overall Row Spacing [eB | 0.310] _0.340| 0.387) _7.87| _8.85| 9.83 
[Mold Draft AngieTop ja | §|—'10.~—S=—=stS]~SCS~C=iYC*C“‘COWCOC™C*‘«~AS@*Y 
[Mold Draft Angle Bottom [B_| 8] tof 16[ 8 tof ~—it5 


* Controlling Parameter. 

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E’’ 
JEDEC equivalent: MS-001 AC 


—_ 
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Packaging Diagrams and Parameters 





Package Type: K04-019 20-Lead Plastic Dual In-line (P) — 300 mil 





























= +] 4 
R ai | 
ames Ould 












Ci eae ae ae INCHES* 
IPCBRow Spacing | | 0800] | 7.62] 
Number ofPing in 
Pitch 098] 0.100] 0.102] a9] 4 259) 
LowerLeadWidth - —s [BEL 0014] 0.018] 0.022] 0.36] 0.46] 0.56. 
UpperLeadWidth ss BY | 0.055] 0.060} 0.065] 1.40) 1.52] 1.65) 
[ShoulderRadius TR | 0.000 0.005} 0.010] 0.00] 0.13] 0.285 | 
_ [Lead Thickness lc | 0.008] 0.012] 0.015] 0.20] 0.29] 0.38 | 
ToptoSeatingPlane [A | 0.140} 0.160] 0.160} 2.79] 4.06] 4.06 
Top ofLeadto Seating Plane _|A1_ | _0.080| _——0.100|_—=0.120| 2.03] 2.54] 3.05 | 
Base toSeatingPlane ss [A2_—s|— 0.000] 0.020| 0.040] 0.00] 0.51] 1.02 | 
Tipto Seating Plane LS] 0.120] 0.130] 0.140] 3.05] 3.30] 3.56 | 
Package Length ss JD | 0.980] 1.020] 1.060] 24.89] 25.91| 26.92 | 
Molded Package Width |E* | 0.240) 0.260) 0.280] 6.10] 6.60] 7.11 
|RadiustoRadiusWidth —{E1_ | 0.267| 0.280] 0.202] 6.78] 7.10] 7.42 | 
OverallRow Spacing ss ifeB_ | =~ 0.310] 0.350] 0.390] 7.87] 8.89] 9.91 | 
[Mold DraftAngleTop fs | 1} S|} 1] 
Mold Draft Angle Bottom ss jB_ =| SE tO} tS] SE tS 


* Controlling Parameter. 


tT Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.” 
JEDEC equivalent: MS-001 AD 
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Packaging Diagrams and Parameters 





Package Type: K04-008 22-Lead Plastic Dual In-line (P) — 400 mil 



















JOOS ee en Se Ae a INCHES, ea MILLIMETERS 0 
Dimension Limits___ | =| =MIN, | NOM | MAX | MIN | NOM | MAX | 9 
PCBRowSpacing | | | oof | 80] 2 
INumberofPins im ST Tt SY 
PN rc ee eI ee ee ONO a <. 
LowerLeadWidth _—s[B_|~—0.078|—0.020|__—0.022|_ 0.46] 0.51] 56. re 
UpperLeadWidth [Bit [| o.0ss{ 0.060 _o.o62{1.47| tsa] 1.57 
ShoulderRadius IR |~_—0.000| __0.005|_—0.010|_—0.00|_—.13| __—i0.25 | 
lLeadThickness fc =| 0.008] __—0.012|_——0.015| 0.20] 0.29|__—0.38 | 
Top to Seating Plane [A__|~——i.150| 0.152] —o.t54{ 3.81] 3.86| 3.91 | 
Top of Leadto Seating Plane [Ai | 0.075] _0.095|__0.115| Ss 1.91| 2.4t| 2.92 
BasetoSeatingPlane __—*(|A2_—«|_—_—io.o23|—0.026| _—0.029|_— 0.58] 0.66 | 74 
TiptoSeatingPlane St =| 0.120] 0.130] 0.140|3.05| 3.30] 8.56 
Package Lengtn [DY | t.t00| 1.105] 4.110 27.94 28.07| 28.19) 
Molded Package Width __—_—|E* | _—0.330| 0.335] _0.340|8.38| 8.51] 8.64 
Radius to Radius Width _—iE1_| _0.367|_—o.379| 0.391] —9.32| 9.63] 9.93, 
Overall Row Spacing eB {| 0.500] 0512/0524 12.70] —13.00{ 13.31. 
Mold DraftAngleTop fa =| | tO} SHS] C1] 
[Mold DraftAngle Bottom __—*[B_ | Ss] to] StS] St] 





* Controlling Parameter. 
Tt Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1. 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E? 
JEDEC equivalent: MS-010 AA | 
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Packaging Diagrams and Parameters 











Package Type: K04-081 24-Lead Plastic Dual In-line (P) — 600 mil 









Pimmension Lars —_____.__.__ MIN. _]_NOM. MAK |_MiN_|_NOM MAK 
IPCBRowSpacing sss {| S| SCT Soot TCT 
INumberofPins in | 
ee: (ee Ree ees) ee ee ee | ee 
LowerLeadWidth Ss [BU] 0.014] 0.018] 0.022 0.36] 0.46] 0.56 | 
UpperLeadWidth ss (Bit | 0.055} 0.060] 0.065] 1.40] 1.52] 1.65) 
ShoulderRadius_ [RS] 0.000] 0.005] 0.010] 0.00] 0.13] 0.25, 
LeadThickness cL 0.008| 0.012| 0.015 0.20] 0.29] 0.38 | 
ToptoSeatingPlane [A | 0140] 0.165] 0.190] 3.56] 419] 4.83 | 
Base to Seating Plane [AZ| 0.020] 0.025] 0.030|_ 0.51] 0.640.786 | 
Tip to Seating Plane Lt 015] 0.425] 0.135] 2.92] 3.18] 3.43 | 
Package Length (DE | 1.245] 1.250] 1.255] 31.62] 31.75] 31.88, 
Molded Package Width ss [E* | 0.540| 0.550] 0.560] 13.72] 13.97] 14.22 
Radius to RadiusWidth ss [E1_ || 0.562| 0.577] 0.592] 14.27] 14.66] 15.04 
OverallRow Spacing _—seB_ | 0.630| 0.660} 0.690] 16.00} 16.76] 17.53] 
Mold DraftAngleTop a | 5] tO] 5] T1088 
Mold Draft Angle Bottom = [B_ | SL OY] 1S 





* Controlling Parameter. 
T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-011 AA 
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Packaging Diagrams and Parameters 








Package Type: K04-043 24-Lead Skinny Plastic Dual In-line (SP) — 300 mil 






















Mae 


lo | 





| ane 
[Dimension Limits =| | MIN 
IPCBRow Spacing | | CT 00] eT 
INumberofPins in Sf a 
PRT SD ONO a 
lLowerLeadWidth (BLT 0.014] 0.078] 0.0221 0.36] 0.48] 0.56 | 
lUpperLeadWidth ss (BiF [| 0.045| 0.053 0.060] t.t4t 1.33] 1.52. 
ShoulderRadius TR] 0.000 0.005] 0.010] 0.00]. 13| 0.25 | 
Lead Thickness fe | 0.008] 0.012] 0.015 0.20] 0.29] 0.38 | 
Top of Lead to SeatingPlane [Ai | 0.083] 0.103] 0.123] 2.10] 2.60 3.11 
Base to Seating Plane [AZ| 0.015] 0.020] 0.025] 0.38] 0.51] 0.64. 
TiptoSeating Plane LS | 0120/0130] 0.140] 3.05] 3.30] 3.56 | 
[Package Length IDE] 1.245] 1.250) 1.255] 31.63] 31.76] 31.88. 
[Molded Package Width E* | 0.255] 0.268] 0.280] 6.48] 6.79 7.11 
Radius to Radius Width ss [E1_ | 0.267| ——0.280| 0.292] 6.78] 7.10] 7.42 
OverallRow Spacing eB | 0.370] 0.375] 0.380] 9.40] 9.53] 9.65 | 
Mold DraftAngleTop fa | | tO] 5] BS] 0] 
Mold DraftAngle Bottom ss [B_— | SOT] ST 0] 


* Controlling Parameter. 
tT Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E”’ 
JEDEC equivalent: MS-001 AF 
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MicROCHIP 





Packaging Diagrams and Parameters 











Package Type: K04-070 28-Lead Skinny Plastic Dual In-line (SP) — 300 mil 


es 













lLeadThickness_ tc S| 0.008 0.010] 0.012| 0.20] 0.25] 0.30 
ToptoSeatingPlane JA] 0.140] 0.150] 0.160] 3.56] 3.81] 4.06, 
Top ofLeadto Seating Plane |A1_| 0.070} __—0.090|_— 0.110] 1.78] 2.29] 2.79) 
Base to Seating Plane ss |A2_—|_ 0.015] 0.020] 0.025] 0.38] 0.51] 0.64. 
TiptoSeatingPlane [LT 0.125] 0.130] 0.135] 8.18] 3.30] 3.43 
Package Length [DET 1.945] 1.365] 1.985] 34.16] 34.67] 35.18 
Molded Package Width [EF | 0.280] 0.288| 0.205] 7.14] 7.30] 7.49) 
Radiusto Radius Width - [Et | 0.270] 0.283| 0.205] 6.86] 7.18) 7.49) 
OverallRow Spacing ——ssfeB | 0.320] 0.350] 0.380] 8.13] 8.89} 9.65 
Mold DraftAngleTop tos | | OTS] | 10} 
Mold Draft Angle Bottom ss [B_— | SS] tO] S| YS 


* Controlling Parameter. 

t Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1’ 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.’ 
JEDEC equivalent: MO-095 AH 
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Packaging Diagrams and Parameters 





Package Type: K04-079 28-Lead Plastic Dual In-line (P) — 600 mil 


soweioraues 
> 7 





eB 


Units INCHES" | MILLIMETERS 
[Dimension Limits =| S| SC MIN, =| NOM | MAX | MIN | NOM | MAX _| 
IPCBRow Spacing | | TOO} | 
INumberofPins tn S| et 
PPNOW so 


a a CE) ee 2-7 | 
LowerLeadWidth ss BT 0.014] 0.016] 0.018] 0.36] 0.41] 0.46. 
UpperLeadWidth [BAT | 0.040] 0.050} 0.060] 1.02] 1.27| 1.52 | 
ShoulderRadius IR] 0.000] 0.005] 0.010] 0.00] 0.13] 0.25 | 
LeadThickness_ sfc] 0.008| 0.012] 0.015] 0.20] 0.29] 0.38 | 
Top to Seating Plane A | 0.460] 0.173] 0.185] 4.06] 4.38] 4.70 
Top of Lead to Seating Plane |A1__| _—0.081/_—0.101| 0.121] 2.04] 2.55] 8.06 
Base to Seating Plane |A2_—s| 0.015] _—0.023| 0.030] 0.38] 0.57] 0.76 
Tip to Seating Plane LC] 15] 0.125] 0.135] 2.92] 8.18] 3.43 | 
Package Length DF 1.380] 1.995] 1.465] 35.05] 35.43] 37.20 
Molded Package Width |E*_ | 0.505] 0.550] 0.555] 12.80] 13.97 14.10) 
Radius to Radius Width Ss |E1_—| 0.567] —0.577|_—0.587|_ 14.40] 14.66] 14.91] 
OverallRow Spacing eB | 0.640] 0.660] 0.680] 16.26] 16.76] 17.27, 
Mold DraftAngieTop = js | BS] SS] 1] 
Mold DraftAngle Bottom _—sjB_ =| SS] CO] tS] CC ] 0] 


* Controlling Parameter. 
tT Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shail not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.’ 
JEDEC equivalent: MS-011 AB | 
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Packaging Diagrams and Parameters 





Package Type: K04-016 40-Lead Plastic Dual In-line (P) - 600 mil 





Units ae MILLIMETERS 
Dimension Limits | dt MIN, | NOM | MAX | MIN | NOM | MAX 
PCB Row Spacing _{| ff osoof | 5 a 
Number of Pins Mey AO 

[Pitch ip | | osoof =| 
Lower Lead Width IB | ~=0.016| ~— 0.018] ~— 0.020] ~—.4i| 0.46] 
Upper Lead Width Bit | 0.045] ~=— 0.050) 0.055] 1.14] 1.27] 1.40 
Shoulder Radius IR | 0.000] 0.005] 0.010] — 0.00] S013] 0.25, 
Lead Thickness ic | 0.009} ~—0.010|_~— 0.011] 0.23] 0.25] 0.28 | 


Top to Seating Plane A | = 0.110], 0.160] 0.160] 2791 4.06] 4.06 | 
Top of Leadto Seating Plane |A1_| _—0.073|_——0.093| 0.113] 1.85] 2.36] 2.87 
Base to Seating Plane AZ| 0.020] 0.020] 0.040] 0.51] 0.51] 1.02 | 
Tip to Seating Plane |b | 0.125] 0.130] 0.135] 3.18] 3.30| 3.43 | 
Package Length joe | 2.013] 2.018] 2.023| 61.13] 1.26] 51.38 
Molded Package Width [er | 0.530] 0.535] 0.540] 13.46] 13.59] 13.72 

| Radius to Radius Width Ei | 0.545] 0.565] 0.585] 13.84] 14.35] 14.86 | 


Overall Row Spacing eB | ~—0.630| 0.610] 0.670] 16.00] 15.49 17.02, 
| Mold Draft Angle Top CR A) |) |)  -) +) ) 
Mold Draft Angle Bottom B 5 10 15 5 10; _ 15 


* Controlling Parameter. 
t Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1” 
+ Dimensions.“D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.” 
JEDEC equivalent: MS-011 AC 
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Packaging Diagrams and Parameters 





Package Type: K04-022 48-Lead Plastic Dual In-line (P) — 600 mil 












INCHES* MILLIMETERS 














Rear 

i | | MIN, | NOM | MAX [| MIN | NOM | MAX _| o 
PCB Row Spacing ae Ree eee eee ae eee 2 
INumberofPins in). | © 
Pitch tO = 
lLowerLeadWidth = [BT 0.016] 0.018} 0.020] 0.41] 0.46] 0.5 rs 
lUpperLeadWidth ss [BIT | 0.045] 0.050] 0.055] 1.14] 1.27] 1.40) 
[ShoulderRadius TR | 0.000] 0.005 0.010] 0.00] 0.13] 0.25 | 
0.20] 0.25| ___—0.30 
Top to Seating Plane JA |S 0.175] 0.183] 0.190] 4.45] 44] 4.83. 
Top of Leadto SeatingPlane__[Ai__| 0.088 0.108] 0.128] 2.22) 2.73] 3.24 
Baseto Seating Plane [AZ| 0.010] 0.018] 0.025] 0.25] 0.44] 0.64 
TiptoSeatingPlane Ls] 0.125] 0.134] 0.142] 3.18] 3.39] 8.61] 
Package Length (DF | 2.425] 2.438] 2.450] 61.60] 61.91] 62.23 
Molded Package Width E* | 0.540] —0.550| 0.560] 13.72] 13.97| 14.22 
Radius to Radius Width er | 0.570} 0.583] 0.595] 14.48/ 14.80| 15.11 
OverallRow Spacing Ss eB | 0.610] 0.640] 0.670] 15.49] 16.26] __—17.02| 
Mold DraftAngleTop =m | ST tO] 
Mold Draft Angle Bottom [a +) =) ee) ) ) 





* Controlling Parameter. 
t Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E’ 
JEDEC equivalent: MS-011 AD . 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-090 64-Lead Shrink Plastic Dual In-line (SP) — 750 mil 




























pt INCHES* | MILLIMETERS 
Dimension Lins [| “MiN[__NoM [Max WIN [NOM | "MAK 
PCB Row Spacing a Ye: ) ee (:Y)-] 
INumberofPins in S| TA st 
PNR a acs re Da ee fe SOTO ee ee 
Lower Lead Width iB | 0.015] 0.019] 0.022) 0.388] 0.47]. | 





lUpperLeadWidth sss (BYT | ~0.030| 0.040] 0.050] 0.76) 1.02] 1.27] 
ShoulderRadius IR] 0.000] 0.005} 0.0101 0.00] 0.13] 0.25 | 
lLeadThickness fc .008] 0.010] 0.012 0.20] 0.25] 0.80 
Top toSeatingPlane ss A 0.175] 0.200) 0.200] 4.45] 5.08] 5.08 | 
Top of Leadto Seating Plane [Ai__| _0.110{—0.130|_—0.150{ 2. 79| ~~ 3.30] 3.81 
Base to SeatingPlane_ [A | 0.020] 0.020] 0.040] 0.51] 0.51] 1.02 | 
TiptoSeatingPlane [LC] 0.120] 0.128] 0.135] 3.05] 8.24] 3.43 
[PackageLength —»sss§ «SF SCSD* | 2.260] 2.270] ~—2.280| —57.40| 57.66] _—5:7.911 
[Molded Package Width EF |_ 0.660] 0.670] 0.680) 16.76] 17.02| _—17.27| 
[Radius to RadiusWidth JE | 0.720] 0.733] 0.745] 18.29| 18.61] 18.92 | 
[OverallRow Spacing ss feB | 0.760] 0.840] 0.920] 19.30] 21.33] 23.36. 
Mold DraftAngleTop 5s je | COS TS 
Mold Draft Angle Bottom —s |B_— | SS} CO} SEE S| 

* Controlling Parameter. 

+ Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 

(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1” 


+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or =rolusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E”” 
JEDEC equivalent: MS-021 AA 
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MICROCHIP 





Packaging Diagrams and Parameters 








Package Type: K04-064 20-Lead Plastic Leaded Chip Carrier (L) - Square 


| MIN | NOM [| MAX _| 
a aa) ee 
| T0050] 


M 
| _0.024| 


0.024 


3 


| 0.020] 0.025 


"U 
Sy) 
re) 
x 
a) 
— 
S 
To) 


| 





* Controlling Parameter. 
T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 


(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1”’ 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E’’ 


JEDEC equivalent: MO-047 AA 





© 1998 Microchip Technology Inc. DS00049J-page 11-29 





MICROCHIP 








Packaging Diagrams and Parameters 








Package Type: K04-026 28-Lead Plastic Leaded Chip Carrier (L) — Square 


E1 
E 
# leads = n1 
D OD1 











pT INCHES" | MILLIMETERS 
[Dimension Limits | =| 3S MIN, | NOM | MAX | MIN [| NOM | MAX 
INumberofPins in | tt 
[a a |= CSD Ne ee | 
4.19 | 4.87, 
Standoff A015} 0.023] 0.030] 0.38] 0.57] 76 | 
Side 1ChamferDim. __—|A3_— | 0.021] 0.026] 0.031] 0.53] 0.66] 0.79 


| 0.165] 0.173] 0.180] 4.19] 4.38] 4.57 


1 1 
Corer Chamfer (1 0.035 0.055 
Corner Chamfer (other 0.000 0.005} 0.010} 0.00] _—0..13 


2 
Molded Pack. Width EF | 0.450) 0.453] 0.456] 14.43] 11.51 








kh | mek | ek 

ao TAD TINO ok 
O1jor{or > 
OININ oO 


[Molded Pack.Length  ——- [D*_———s {| ——si0..4550 
Footprint Width E2  ~—s|{|_—0.410 0.420 
0 


cy 
. 
° 
. 


430 1 
PinsaiongWidth int | 
lLeadThickness ssc |S 0.008] 0.010] ~— 0.012] ~~ .20] 0.25] 0.0 
[UpperLeadWidth sss [Bit | 026] ~—0.029| ~~ 0.032] ose] —0.74[ 0.81, 


~ 


|lLowerLeadWidth ss JBL | 0.015] 0.018] 0.021] 0.388] 0.46] OS 
UpperLeadLength ss |L_—— | 0.050] 0.058] 0.065] 1.27] 1.46] 1.65 

[Shoulder Inside Radius__[R1_— | 0.003] 0.005] 0.010] 0.08] 0.13] 0.25 | 

J-Bendinside Radius |[R2_—| 0.015] 0.025 0.035] 0.38] 0.64 0.89 


af 








Mold Draft Angle Top oo 
Mold DraftAngle Bottom |B | SO] tO] 10 





* Controlling Parameter. 

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-047 AB 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K0Q4-023 32-Lead Plastic Leaded Chip Carrier (L) — Rectangle 





# leads = n1 


[Units INCHES* MILLIMETERS 



























pumensron ims | MIN __NoM wax {WIN [NOM [Max 

Number of Pins [a ce anna: Eee eG Tae” aa 

ci aie | a: ieee (ee 5") Eee Renee, i, | 7] eee 

|ShoulderHeight_ sss [ATs] 0.060] 0.078] 0.095] 1.52] 4.97] 2.41 

0.025] _0.38[ 0.51] 0.64 = 
|Side1ChamferDim. _|A3 | 0.021] 0.026] 0.031] 0.53] 0.66] 0.79 ve 
|CornerChamfer(1) __—|CH1_— | 0.035] 0.045] 0.055] 0.89] 1.14] 1.40) ZZ 
Corner Chamfer (other) |CH2 | _—0.000| __—0.005| 0.010] 0.00] 0.13] 0.285 | 9 
os 
|Overall Pack.Length _-|D1_— | 0.585] 0.590 0.505] 14.86] 14.99] 15.11 io 
[Molded Pack.Length  |D¥_— | 0.547] 0.550] 0.553] 13.89] 13.97] 14.05 

|FootprintWidth sss [e2 | 0.380] 0.410] 0.440] 9.65] 10.41] 11.18 | 
[FootprintLength ss [D2 | 0.480] 0.510] 0.540 

[PinsalongWidth [nt | 

[LeadThickness_ sic =| 0.008] 0.010.012] 0.20] 0.25] 0.30 

|UpperLeadWidth ss [Bit | 0.026] 0.029] 0.032] 0.66] 0.74] 0.81 

|LowerLeadWidth ss |B |S 0.013] 0.047] 0.021] 0.33] 0.43] 0.53 | 

|UpperLeadLlength ss {L_— | 0.010 0.020] 0.030] 0.25] 0.51] 0.76 

|Shoulder Inside Radius _|Ri_ | —— 0.003] __—0.008| 0.013} 0.08] 0.20] 0.33 | 

J-Bend Inside Radius 

|Mold DraftAngleTop ja | St] 

Cea) ai | a) ee «eee (0) 





* Controlling Parameter. 

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shail not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1”” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-016 AE 
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MICROCHIP 





Packaging Diagrams and Parameters 








Package Type: K04-048 44-Lead Plastic Leaded Chip Carrier (L) - Square 










| MIN | 
Number of Pins in | 
7 a eae ee 
4.57 
[Shoulder Height ss |A1_—s | 0.095] 0.103] 0.110] 241] 2.60) 2.79 
Standoff AT 0.015] 0.023] 0.030] 0.38] 0.57] 0.78. 
Side1ChamferDim. _—*|A3_— | 0.024] 0.029] 0.034] 0.61] 0.74 0.86 | 
[Corner Chamfer(1) [CH | 0.040] 0.045 
[Corner Chamfer (other) _|CH2_—| 0.000] 0.005] 0.010] 0.00] 0.13] 0.25, 
Overall Pack.Width [Ei | 0.685] 0.690] 0.695] 17.40] 17.53] 17.65 
Overall Pack.Length ss [Di_— | 0.685] 0.690] 0.695] 17.40] 17.53) 17.65, 
Molded Pack.Width [EF | 0.650] 0.653] 0.656] 16.51| 16.59/ _—*16.66 
Molded Pack.Length ——|D*_— | 0.650] 0653/0656] 16.51] 16.59] 16.66, 
Footprintwidth EZ | 0610] 0.620] 0.630] 15.49] 15.75] 16.00 
FootprintLength ss [D2 | 0.610] 0.620] 0.630] _—15.49| 15.75] _—16.00 
PinsalongWidth int | 
0.20] 0.25] 0.30 
UpperLead Width — |B1T_ | 0.026] 0.029] 0.032] 0.66] 0.74] 0.81 | 
lLowerLeadWidth ss [BL] 0.015] 0.018] 0.021] 0.38] 0.46] 0.53 | 
[UpperLeadLength ss L_— | 0.050] 0.058] 0.065] 1.27/46] 1.65 | 
Shoulder Inside Radius [R1_— | 0.003| 0.005] 0.010] 0.08] 0.13] 0.25 | 
J-Bend Inside Radius |R2_ 
Mold Draft Angle Top fa 10) 
Mold Draft Angle Bottom |B 





“ Controlling Parameter. 

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.’ 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010" (0.254 mm) per side or 0.020" (0.508 mm) more than dimensions “D” or “E.” 
JEDEC equivalent: MO-047 AC 
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MICROCHIP 








Packaging Diagrams and Parameters 








Package Type: K04-049 68-Lead Plastic Leaded Chip Carrier (L) —- Square 


E1 
















Units | INCHES | MILLIMETERS 
[Dimension Limits | =| SO MIN, | NOM | MAX | MIN | NOM | MAX _| 
INumberofPins in) S| 
Pith sp OY 
Overall Pack.Height [At 0.165] 0.175] 0.185] 4.19] 4.45] 4.70) 
ShoulderHeight_ ss |A1, | 0.095] 0.103] 0.110] 2.41] 2.60] 2.79 
Standoff AZ| 0.017] 0.025] 0.032) 0.43) 0.62] 0.81 
Side 1ChamferDim. —|A3_— | 0.021] 0.026] 0.031] 0.53] 0.66] 0.79 
[Corer Chamfer(1) Ss [CH1_— | 0.035 0.045] 0.055] 0.89] 1.14{ 1.40 
Corer Chamfer (other) _|CH2 | _—0.000|_——0.005| 0.010|_0.00|_0.13|_—0.28 | 
|OverallPack.Width [Et | 0.985] 0.990] 0.995] 25.02] 25.15] 25.27 
Overall Pack.Length [D1 | 0.985] 0.990] 0.995] 25.02] 25.15] 25.27 
Molded Pack. Width jer | 0.950] 0.954] 0.958] 24.13] 24.23] 24.33 
[Molded Pack.Length |D*_— | 0.950] 0.954] 0.958] 24.13] 24.23] 24.33, 
FootprintWidth ss (E2_ | 0.910] 0.920] 0.930] 23.11] 23.37] 23.62 
FootprintLength ss |D2_ | 0.940] 0.920] 0.930] 23.11] 23.37] 23.62 
PinsalongWidth int tt 
LeadThickness sc | 0.008] 0.010] 0.012] 0.20] 0.25] 0.30 
UpperLeadWidth Ss |BiT_ | 0.026] 0.029] 0.031] 0.66] 0.72] 0.79 
lLowerLeadWidth Ss JBL | 015] 0.018] 0.021] 0.38] 0.46] 0.53. 
[UpperLeadLength ss |L_— | 0.050] 0.058] 0.065] 1.27] 1.46] 1.65. 
[Shoulder Inside Radius [Rt | 0.003] 0.005] 0.010] 0.08} 0.13] 0.25 | 



















a. 


" Controlling Parameter. 

tT Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010" (0.254 mm) per side or 0.020" (0.508 mm) more than dimensions “OD” or “E” 
JEDEC equivalent: MO-047 AE bs 
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MICROCHIP 





Packaging Diagrams and Parameters 








Package Type: K04-093 84-Lead Plastic Leaded Chip Carrier (L) — Square 

















Unis—SCSC~SSSSS INES METERS 
Dimension Limits || MIN_| NOM | MAX | MIN | NOM | MAX | 
NumberofPins ins Sss—CidSCi(‘irCrCdSC (CCS 
(=) cc F-72 
Overall Pack. Height [A | 0.165| 0.173] 0.160 _4.19| 4.38] _ 4.67] 
[ShoulderHeight ____[At_| 0.090| 0.105] 0.120 2.20| _2.67| 3.05, 
Standoff __——_—_—~—~SC~dA~~=~C~*~SC*~*«t OO] 0.025] 0.030] 0.81] 0.64] 0.76 
Side 1 Chamfer Dim. __[A3___| 0.042 0.045| 0.048| 1.07[_1.14| 1.23) 
Comer Chamfer(otner) _|CH2 | 0.010] 0.015] 0.020| 025| 0.38] 0.51) 
3 i Et | 1.185 1.190] 1.195| 90.10] 30.23) 
1.185| 1.190] 1.195[ _30.10| 30.23, 













” 






319 
@/2 
93 | 3 
vU 
Sl 
oOlo 
21% 
Si 
2|2 
ais 
S 






aa - 30.38 
Molded Pack. Width __|E* | 1.160] 1.164] 1.188] 29.21| 29.31 20.41] 
[Molded Pack. Length |b? | 1.150] 1.164] 1.168] 2921 20.31] 20.41] 
FootprintWidth_——~iE2 «| ~—~‘4.095| 1.110] 1.125 a7.a1| 28.19] 28.58 
FootprintLengih_____|D2___| 1.09| 1.110] _1.125| _27.81| 28.19] 28.68] 
Pins alongWidth ints SS CC Cd CCS” 
Lead Thickness |c | 0008| 0.010] 0.012| o20| 0.26] 0.30] 
[UpperLeadWidh __[pi" | 0.023 0.028] 0.033] 0.8] o.71| 0.84] 
LowerLeadWidth |B | 0.013| 0.018] 0.023] 0.33| 0.46] 0.68] 
[Upper LeadLength __|L_| 0.050] 0.068] 0.065] 1.27| 1.46] 1.68 
[Shoulder Inside Radius _|A1____| 0.003] 0.005] 0.010] 0.08| 0.13] 0.25] 
Bend inside Radius _|R2____| 0.022 0.027| _0.032| _0.86| 0.69] 0.81 
Mold Draft AngleTop fa -+|——sot SiC SSCtSSSC*C*~SSYCC*C*SOY 
[Mold Draft Angle Bottom [B | o| 6] 10 of +s} 10} 





* Controlling Parameter. 

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MO-047 AF 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-057 8-Lead Plastic Small Outline (SN) — Narrow, 150 mil 


















Units pT INCHES* | MILLIMETERS 

Dimension Limits pT MIN, | NOM | MAX | MIN, [| NOM [| MAX __ 

Pitch tp OP a 
INumberofPins In | QO 
| 0.061] 0.069] 1.37| 1.56] 1.75) a 
ShoulderHeight ss [A1_—| SS 0.027| 0.035] 0.044] 0.69] 0.90]. 2. 
Standoff = ART 0.004] 0.007| 0.010] S10] 0.18] 0.25 | 3 
Molded Package Length |D# _—s|_—0.189] 0.193| 0.196] 4.80] 4.89] 4.98 | = 
[Molded Package Width [et | 0.150] 0.154] 0.157] 3.81] 3.90] 3.99 

[Outside Dimension _—[E1 | 0.220] 0.237] 0.244] 5.82 | 6.20 

homies Distance __ PR OTOL 0.018 | 0.25] 0.38] 0.51 

Ri | 0.005] 0.005] 0.010] 0.13] 0.13] 0.285 | 

Gull Wing Radius |R2 

le 







| 0.011] 0.016] 0.021 | 0.41 | 
FootAngie | TC 
Radius Centerline = [L1_—s| 0.000| 0.005] 0.010] 0.00] 0.13] 0.25, 
Lead Thickness [c= |S 0.008 0.009] 0.010] 0.19] 0.22 0.25 
LowerLead Width [BT | 0.014] 0.017| 0.020) | 0.43] 0.51 | 
Mold DraftAngleTop fa =| | 15) 
| 


* Controlling Parameter. 

tT Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shail not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-012 AA 
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Packaging Diagrams and Parameters 








Package Type: K04-056 8-Lead Plastic Small Outline (SM) — Medium, 208 mil 


E1 


























! units CT INCHES* | MILLIMETERS 
| [Dimension Limits | | COMIN, | NOM [| MAX | MIN | NOM | MAX 
INumberofPins in S| 
| Overall Pack.Height [A] 0.070] 0.074] 0.079] 1.78] 1.89] 2.00 
: 
! Standoff ART 0.002/ 0.005] 0.009] 0.05] 0.14] 0.22 
Molded Package Length [Dt | 0.200| _—0.205| —0.210|___—5.08 | 


| | 6.21] 5.33] 
Molded Package Width [Es] 0.203] 0.208] 0.213] 5.16] 5.28] 5.41 
Outside Dimension er | 0.300] 0.313] 0.325] 7.62] 7.94] 8.26 | 
Shoulder Radius [RA | 0.005] 0.005] 0.010] 0.13] 0.13] 0.25, 





GullWing Radius [R2_ | 0.005} 0.005] 0.010] 0.13] 0.13] 0.25. 
FootLength LC THA 0.06] 0.021] 0.28] 0.41] 0.53. 
FootAngle | 
Radius Centerline [Lt | 0.010] 0.015] 0.020] 0.25) 0.88) 0.51. 
| 0.008] 0.009] 0.010] 0.19] 0.22] 0.25 | 






lc 

lLowerLeadWidth [BT | 0.014] 0.017| 0.020) 
Mold DraftAngleTop fa = | 
Mold Draft Angle Bottom |B = | OO 

* Controlling Parameter. 7 

t Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 

(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
"exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-065 14-Lead Plastic Small Outline (SL) — Narrow, 150 mil 












| INCHES” 

|Dimension Limits | =| MIN, | NOM | MAX | MIN | NOM | MAX _| a") 
Pith OY] o 
pNumberof Ping. Ne A 8 x 
& 
[Shoulder Height Ss [AN | 0.027] 0.036} 0.044] 0.69] 0.90] 1.12 = 
0.008} __0.10|_~—— 0.15) 0.20 ie 
|Molded Package Length |D# | 0.338] 0.341] 0.344] 8.59] 8.66] 8.74. | 
|Molded Package Width |E* | 0.150] 0.153] 0.156] 3.81] 3.89] 3.96 | 

0.242 

|Chamfer Distance Ss |X| 0.010] 0.014] 0.018] 0.25] 0.36] 0.46 | 

|ShoulderRadius | RA | 0.005] 0.005] 0.010} 0.13] 0.13) 0.25 | 

|GullWing Radius [R2_| SS 0.005| 0.005] 0.010] 0.13] 0.13] 0.25. 

|FootLength {LC | Ot] 0.016] 0.027] 0.28] ai] 0.53 

[FootAngie 

|Radius Centerline {Lt | 0.000] 02.005] 0.010] 0.00] 0.13] 0.25 | 

|LeadThickness tc =| 0.008 0.009] 0.010] 0.19] 0.22] 0.25 | 

jLowerLeadWidth [BT | 0.014/ 0.017] 0.019] 0.36] 0.42] 0.48 | 

|Mold Draft AngleTop sta | 15: 





: Controlling Parameter. 

T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.’ 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E”’ 
JEDEC equivalent: MS-012 AB 
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Packaging Diagrams and Parameters 








Package Type: K04-102 16-Lead Plastic Small Outline (SO) — Wide, 300 mil Body 









| MIN 
eeeaeed 
INumberof Pins In Poa 
0.097| 0.101} 0.104] 2.46] 2.55] 2.64 
Shoulder Height [At] 0.050] 0.060] 0.070, t.27|_ 4.52] 1.781 
Standoff ss AS .005| 0.009] 0.012] 0.13] 220.30 | 
Molded Package Width [et —s|_—o.292| —0.296| 0.299] 7.42] 7.51| 7.59 | 
[Chamfer Distance |x| 0.010] 0.020] 0.029] 0.25] 0.50] 0.74 | 
ShoulderRadius [Rs |_ 0.005] 0.005] _—0.010| 0.13] 0.13]. | 
GullWingRadius [RA | 0.005] 0.005] 0.010] 0.13] 0.13] 0.25 | 
0.011| 0.016] 0.021] 0.28] 0.4] 0.53 | 
Radius Centerline [Li | 0.010] 0.015] 0.020] 0.25) 0.38] 0.51 
0.013] 0.23] 0.25] 0.82 
Mold DraftAngleTop ja = | OTST 12] 15 
Mold Draft Angle Bottom |B | 2] 5] 12 


” Controlling Parameter. 

T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B? 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E’ 
JEDEC equivalent: MS-013 AA 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-051 18-Lead Plastic Small Outline (SO) — Wide, 300 mil 


es eee 


Molded Package Length 
Molded Package Width 
Outside Dimension 1 


Buibeyoeg 


Shoulder Height 1 


[Shoulder Radius | Rt 
[FootAngle ss 


1 
a) 
ae) 





Mold Draft Angle Bottom B 


* Controlling Parameter. 
t Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E’ 
JEDEC equivalent: MS-013 AB 
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MICROCHIP 








Packaging Diagrams and Parameters 





Package Type: K04-094 20-Lead Plastic Small Outline (SO) —Wide, 300 mil 
























Units po INCHES | MILLIMETERS 

Dimension Limits JT MIN, | NOM | MAX | MIN | NOM | MAX | 
PHS a ee ee |i O00) i eer. 
[NumberofPins [mn | OT 
Overall Pack.Height [A] 0.093 0.099] 0.104] 2.36] 2.50] 2.64 | 
| Shoulder Height A | 0.041] 0.051] 0.061] 1.04) 1.30] 1.55) 
Standoff TAR 0.004] 0.008] 0.011] 0.10] 0.19] 0.28 | 
|Molded Package Length |D* 


Molded Package Width [EF 


| 0.206] 0.299] 7.42] 7.51] 7.59) 
[Outside Dimension [E17 | 0.394] 0.407] 0.419] 10.01] 10.33] 10.64 


| 0.496} 0.504] 0.512/ 12.60} 12.80] 13.00] 





[Chamfer Distance ss |X| 0.010] 0.020] 0.029] 0.25] 0.50] 0.74] 


F—_0.014] 
[FootAngle +i -+i|—Ssos—‘iYSC:Ci 


|ShoulderRadius [RA | 0.005] 0.005] 0.010] 0.13] 0.13] 0.25, 
|GullWingRadius | R2_| 0.005] 0.005] 0.010] 0.13] 0.13] 0.285 | 
| 0.016] 0.021] 0.28] 0.41] 0.53 | 

a) | ee) 
Radius Centerline | 0.25] 0.38] 0.51, 
| 0.013] 0.017| 0.020] 0.33] 0.42] 0.1 


pO aa 
[Mold DraftAngleTop [a | 15] | 
[Mold DraftAngle Bottom |B S| =} Sta} 1S] 1 


: Controlling Parameter. 


t Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.’ 


+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E?’ 
JEDEC equivalent: MS-013 AC 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-098 24-Lead Plastic Small Outline (SO) — Wide, 300 mil 










Units INCHES | MILLIMETERS 
[Dimension Limits | | MIN, | NOM | MAX | MIN | NOM | MAX_| 
[2 ec aie [ee een | anes a eee eee 
|NumberofPins tn | | 
|OverallPack.Height [A |_ 0.095] 0.100] 0.105] 2.41] 2.54] 2.67] 
|ShoulderHeight Ss [AN | 0.051] 0.059] 0.067] 1.30] 1.50] 1.70) 
[Standoff [ax 0.004] 0.008] 0.013 0:10 0.30 0.30 
[Molded Package Length |D* | 0.599| 0.606] 0.612] 15.21] 15.38] 15.54. 
|Molded Package Width |E* | 0.202| —0.296| 0.209] 7.42| 7.51] 7.59) 
|Outside Dimension [E17 | 0.396] 0.406) 0.416] 10.06] 10.31] 10.57 
|Chamfer Distance |X| 0.010] 0.018} 0.025] 0.25] 0.44]. 
|ShoulderRadius [R71 | 0.005] 0.005) 0.010] 0.13] 0.13] 0.25 | 
|GullWing Radius [RZ 0.005] 0.005} 0.010] 0.13] 0.13] 0.25, 
|FootLength LC | OTT 0.016} 0.021] 0.28] 4] 0.53 | 
|FootAnge Ss CT Cs CT 
|Radius Centerline [tt =| 0.010] 0.015] 0.020] 0.25] 0.388] 0.51 | 
jLeadThickness sic =| 0.008] 0.040] 0.012] 0.20] 0.25] 0.30 
[LowerLeadWidth [BT 0.013] 0.017] 0.020] 0.33] 0.42] 0.51] 
|Mold DraftAngleTop ss fa =| tS] 88 
[Mold DraftAngle Bottom |B | 1] tS 


" Controlling Parameter. 


tT Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B”’ 
+ Dimensions “D’ and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E? 
JEDEC equivalent: MS-013 AD 











mo] 
0) 
Oo 
~~ 
0) 
co 
a) 
Ce) 
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MICROCHIP 





Packaging Diagrams and Parameters 








Package Type: K04-052 28-Lead Plastic Small Outline (SO) — Wide, 300 mil 
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Units INCHES" | MILLIMETERS 
Dimension Limits | | MIN, | NOM | MAX | MIN [| NOM | MAX 
[Pitch pT oof 
INumberofPins im |B 
Overall Pack.Height Ss |A_— | 0.093] 0.099 0.104] 2.36] 2.50] 2.64 | 

A are 










io) 


Molded Package Width 


















Shoulder Height [AT 
Standoff = AR 0.004] 0.008 0.011] 0.10] 0.19] 0.28 | 
[Molded Package Length |D#_ __—s|_——0.700| __—0.706 
er | 0.202) 0.296 0.209] 7.42] 7.51] 7.59) 
Outside Dimension __—|E1_—s| 0.394] 0.407] 0.419] 10.01] 10.33] 10.64. 
Chamfer Distance |X| 0.040 0.020] 0.029/ 0.25] 0.50] 0.74 
Shoulder Radius [R14 0.005| 0.005] 0.010] 0.13] 0.13] 0.25 | 
GullWing Radius |R2_ | 0.005] 0.005] 0.010] 0.13) 0.13] 0.25 | 
FootLength IL | T0016] 0.021] 0.28] 0.41] 0.53. 
FootAngle = tT CT 
Radius Centerline Li | oto] 0.015] 0.020] 0.25] 0.38] 0.51 | 
lLeadThickness fc =| S009] 0.011] 0.012] 0.23] 0.27| 0.30 
Lower Lead Width Br 0.014] 0.017] 0.019} 0.36] 0.42] 0.48 
Mold DraftAngleTop ja =| OY] 
Mold Draft Angle Bottom |B | O12} 1S 


* Controlling Parameter. 

t Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B’ 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-013 AE 
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Packaging Diagrams and Parameters 





Package Type: K04-066 28-Lead Plastic Small Outline (SO) — Wide, 330 mil 























B 
Heit ee 
[Dimension Limits | op 
[Pitch tp 2) 
INumberofPins in a 
Overall Pack.Height [A]. 2. 
3 
Standoff SAT 0.004] 0.008} 0.011] 0.10 = 
Molded Package Length _|D*_ ss |_——0.700| 0.706.712] ~—17.78| 17.93] __—18.0 
[Molded Package Width [E# S| 0.340] 0.345] 0.350] 8.64] 8.76 8.89 
Outside Dimension _—E1_—s| 0.463] 0.470] 0.477] 14.76] 11.94 
[Shoulder Radius [R71 | 0.005] 0.005] 0.010] 0.13] 0.13. 
GullWingRadius ss [R2_ | 0.005] 0.005} 0.010] 0.13] 0.13. 
FootLength LCT OTH 016] 0.021] 0.28] 0.4 
FootAngle | TT 
Radius Centerline [Lt] 0.010] 0.015] 0.020] 0.25] 


r 


ead Thickness 


ower Lead Width 
Mold Draft Angle Top 


— 





” Controlling Parameter. 
t Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MO-059 AC 
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Packaging Diagrams and Parameters 








Package Type: K04-103 14-Lead Plastic Shrink Small Outline (SS) — 5.30 mm 
























Units INCHES | MILLIMETERS" 
[Dimension Limits =| | MIN, | NOM | MAX | MIN” | NOM | MAX _| 
Pitch op oz] | 
Number of Pins —___fa ff a | _} 4 
[Overall Pack.Height Ss JA | 0.068] 0.073} 0.078] 1.73] 1.86] 1.99 
ShoulderHeight. Ss [AT | 0.026] 0.036] 0.046 0.66] 0.91.17] 
Standoff AZT 0.002] 0.005] 0.008] 0.05] 0.13] 0.21] 
Molded Package Length |D* ss |_— 0.230 0.244| 0.249] 6.07| 6.20] 6.33, 
Molded Package Width [E*_ | 0.205] 0.208] 0.212] 5.20] _—5.29 | 

Outside Dimension EX | 0.301] 0.306] 0.311] 7.65] 7.78] 7.90 
ShoulderRadius IRA | 0.005] 0.005] 0.010] 0.13] 0.13] 0.25 | 
GullWing Radius [R2_ | 0.005] 0.005] 0.010] 0.13] 0.13] 0.25 | 
FootLength LC | 01S 0.020] 0.025] 0.38} 0.51] 0.64 
FootAngie ss eT ST 
Radius Centerline Ss {Li_ | 0.000] 0.005] 0.010] 0.00] 0.13] 0.25 | 
LeadThickness sc =F] 0.005] 0.007| 0.009] 0.13] 0.18] 0.22 
lLowerLeadWidth ss [BT | 0.010] 0.012] 0.015] 0.25] 0.82] 0.38 | 
Mold DraftAngleTop Ss ja = | Tt} 
Mold DraftAngle Bottom |B | tO] 


* Controlling Parameter. 


tT Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B-’ 


+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.” 
JEDEC equivalent: MO-150 AB 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-072 20-Lead Plastic Shrink Small Outine (SS) — 5.30 mm 


















A2 
B 

Units INCHES | MILLIMETERS* 

[Dimension Limits =| =| MIN, [| ~NOM_ | MAX | MIN | NOM | MAX __| a 
Pitch pons sf QO 
INumberon Pins. 2a li a 20) BO ay 
Overall Pack.Height_ [A | 0.068] 0.073] 0.078] 1.73] 1.86] 1.99 Q 
[ShoulderHeight_ ss |A1_—s| 0.026] 0.036] 0.046] 0.66] 0.91] 1.17] s 
Standoff = AR] 0.002] 0.005] 0.008] 0.05] 0.13] 0.21 ame 
Molded Package Length |D# | 0.278| 0.283] 0.289] 7.07| 7.20] 7.33 | 

Molded Package Width [Et | 0.205] 0.208] 0.212] 5.20] 5.20] 5.38 

Outside Dimension ET | 0.301{ 0.306] 0.311] 7.65] 7.78] 7.90) 

[Shoulder Radius [RT| 0.005] 0.005] 0.010] 0.13] 0.13] 0.25 | 

GullWing Radius [R2_s | 0.005| 0.005] 0.010] 0.13] 0.13] 0.25. 

FootLength = iL | 01S] 0.020] 0.025] 0.38] 0.51] 0.64 

FootAngle ss eT 

| 0.00] 0.13] 0.25 | 

| 0.13] 0.18] 0.22) 

LowerLead Width [Bt | 0.015] 0.25] 0.32] 0.38 

Mold DraftAngleTop a  :) ) -] me ) 

Mold Draft Angle Bottom [8 ae |) a: | SE ) 


” Controlling Parameter. 
Tt Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.” 
JEDEC equivalent: MO-150 AE 
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Packaging Diagrams and Parameters 





Package Type: K04-073 28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm 


= 


Eels 



























Rt ke 

3 Li 
Units INCHES | MILLIMETERS 
[Dimension Limits || | SIN, | NOM | MAX | MIN | NOM | MAX _| 
Pith tp ons 
[Number ofPins [nT ae eee ee Re 


eee cae 
[ShoulderHeight ss [A1_—s| SS 0.026| 0.036 0.046] 0.66] 0.91. 
Standoff TAR 0.002] 0.005] 0.008] 0.05] 0.13. 
[Molded Package Lengih_|DF | 0.996] _0.402| _0.407|___10.07| 10.20] _ 10.93] 
[Molded Package Width [Ef | 0.205] 0.208] 0.212] 5.20] 5.29] 5.38. 
|Outside Dimension ss [E1_ ss | 0.301] 0.306] 0.311] 7.65] 7.78] 7.90 
|ShoulderRadius [R47 | 0.005] 0.005] 0.010] 0.13] 0.13] 0.25) 


oO} 
Nh] 
eS be | 


|GullWing Radius | R2_ | 0.005] 0.005] 0.010] 0.13] 0.13] 0.25, 
|FootLength (LC 0.015) | 0.38} 0.51] 0.64 
ROO AMS 2 crea Oe Ns ek OA nO re A 
Radius Centering __{L__{__ 9.0001 __0,0051__0.010/_0.00/_0.134_0.251 
fLeadThickness _[c _| 0.005] 0.007 0.009| 0.13.18, —0.22 


‘cower Lead With |e? oto 012 oo1s| 028 os 0-98 
[Mold DraftAngleTop [a ss | i OTT 10 
[Mold DraftAngle Bottom [B  [ of ~ 5] Sto] SS 0 
* Controlling Parameter. 
t Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.”” 


+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MO-150 AH 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-086 8-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm 


E1 





am Ys + 
r ‘ “ 


R1 o 






Units INCHES | MILLIMETERS* 
[Dimension Limits | =~ | MIN, | NOM | MAX | MIN” | NOM | MAX | 
Es cS (7-7 (| AS 7) Se 
INCI SIOF PINS De a Oe ee ee 
1.00 
A 

































0 
9 
ts) 

3 
Q). 

@Q, 
=| 

—e 





9 1 3 

|ShoulderHeight [ATs | 0.020] 0.025] 0.030] 0.51] 0.64] 0.76 
|Molded Package Length [D* Ss | 0.144] 0.118] 0.122] 2.90] 3.00] 3.10 
[Molded Package Width [E* | 0.169|0.173| 0.177/ 4.30] 440] 4.50. 
[Outside Dimension _—s[E1_ | 0.246] 0.251| 0.256] 6.25] 6.38] 6.50 
|ShoulderRadius [R17 | 0.000] —0.004| 0.070] 0.00] 0.10] 0.285 | 
|GullWing Radius |R2_ | 0.000] 0.004] 0.010 0.00] 0.10] 0.285 | 
reierg? ef Rng) i). aa 
|FootAngle ss i} | 4] 
|Radius Centerline [Lt | 0.000] 0.002| 0.005] 0.00] 0.05] 0.13 
|LeadThickness sfc =| 0.004] 0.006| 0.008} 0.09] 0.15] 0.20 
jLowerLeadWidth [Bt | 0.007] 0.010] 0.012] 0.9] 0.25] 0.30 

Mold Draft Angle Top Oe 0 OO | 10) 
|Mold Draft Angle Bottom |B | oft} 0 





* Controlling Parameter. 
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.” 
JEDEC equivalent: MO-153 AA 








© 1998 Microchip Technology Inc. DS00049J-page 11-47 





DS00049J-page 11-48 





MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-087 14-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm 




























Units INCHES | CMMILLIMETERS* 
[Dimension Limits =| | SO MIN, | NOM | MAX | MIN | NOM | MAX | 
|NumberofPins tn | 
|Overall Package Height [A —|_——0.039|_— 0.041 0.043] 1.00] 4.05] 1.10 
|ShoulderHeight Ss |A1_—s | 0.020] 0.025] 0.030] 0.51] 0.64] 0.76 | 
[Standoff STAR | 0.002] 0.004] 0.006] 0.05] 0.10] 0.18 
|Molded Package Length [Dt | 0.193] 0.197] 0.201| 4.90] 5.00] 5.10 
[Molded Package Width |E* | 0.169|_—0.173| 0.177| 4.30] 4.40] 4.50) 
|Outside Dimension __—s[E1_—s | 0.246] 0.251] 0.256] 6.25] 6.38] 6.50. 
|Shoulder Radius [RT| 0.000] 0.004| 0.010} 0.00] 0.10] 0.25 | 
|GullWing Radius |R2_— | 0.000} 0.004] 0.010} 0.00] 0.10] 0.25 | 
|FootLength tL | 007] 0.012] 0.017] 0.18] 0.30] 0.43. 
[FootAnge = TT 
[Radius Centerline [Lt | 0.000] 0.002] 0.005] 0.00] 0.05] 0.13. 


Lead Thickness 0.004 0.006 0.008 
9 


Lower Lead Width | 0.007} 0.010] 0.012] ta] 0.25] 0.30 
Mold Draft Angle Top a) ee) (ee) 
ae | ee | ee | eee) ee 


“ Controlling Parameter. 


tT Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B” 


+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MO-153 AB-1 
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Packaging Diagrams and Parameters 








Package Type: K04-088 20-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm 













units INCHES MILLIMETERS" 
[Dimension Limits | | MIN, | NOM | MAX | MIN’ | NOM _| 














Pith tp con} | 
INumberofPins [pn | 
1.1 
[Shoulder Height [AT | 0.020 0.025] 0.030] 0.51] 0.64 
Standoff A002] 0.004] 0.006] 0.05] 0.10]. 
[Molded Package Length |D¥_ | 0.252| —0.256| 0.260] 6.40| 6.50 


6.40 
Molded Package Width |E* —s {_—0.169 


[Outside Dimension _—si[E1——(ss| 0.246] 0.251] 0.256] 6.25] 6.38, 

[ShoulderRadius—sIR7s| S000 0.004] 0.010|~—0.00|—S 0.10 

[GullWing Radius IR2—s| S000 ~— 0.004] 0.010] ~—0.00|_—S 0.10 

[FootLength = (“<$5éas$sSCS(KLK”§S—<S ($s —~S ss] S007] ~——0.012] 0.017] ~~ 0.18] 0.30 
4 


FootAngle = | 
Radius Centerline Ss |Li_— | 0.000] 0.002] 0.005] 0.00] 0.05] 0-1 
Lead Thickness fc =| | 008} __0.09 
LowerLeadWidth [BT | 0.007] 0.010] 0.012) 0.19 
Mold DraftAngleTop sa =~ | 1] 
Mold Draft Angle Bottom |B ss | =O} ace) 


* Controlling Parameter. 
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B-” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MO-153 AC 


i \f—- 


= 
> 
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MICROCHIP 





Packaging Diagrams and Parameters 








Package Type: K04-089 28-Lead Thin Shrink Small Outline (ST) — 4.4 mm 





Foot Length 
Foot Angle ‘) 


” Controlling Parameter. 
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B” 


+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MO-153 AE 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-067 28-Lead Plastic Thin Small Outline (TS) — 8 x 20 mm 









Units INCHES | MILLIMETERS* 
[Dimension Limits =| =| SC MIN, | NOM | MAX | MIN | NOM | MAX 

[Pitch ip oof OT 
|NumberofPins fn 
[Overall Package Height |A_ | 0.039| 0.045] 0.050] 1.00] 1.14] 1.271 
|ShoulderHeight [AT] 0.020] 0.025] 0.030] 0.51] 0.64] 0.76, 
Standoff TAR T0000} 0.005] 0.010] 0.00] 0.13] 0.25 
[Molded PackageLength [D* Ss |_—0.311{_0.317| 0.323] 7.90] 8.05| 8.20 
|Molded Package Width |E* | 0.720) 0.724] 0.728) 18.30] 18.40] 18.50 
[Outside Dimension __—s [Et | 0.780] 0.787] 0.795] 19.80] 20.00] 20.20 
|ShoulderRadius ss [R1_ |S 0.000] 0.004] 0.010] 0.00] 0.10] 0.28 | 
|GullWingRadius ss |R2 | 0.000} 0.004] 0.010] 0.00] — 10] 0.25, 
[FootLength [LC 0.007 0.012] 0.017| 0.18] 0.30] 0.43 | 

| 
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[FootAnge —«—§s_—sx/@-~——isd|sC iD i JOP Al ns, 8 
0.000{ _0.002{ 0.005} ~—0.00|_~—S§ 0.05] ~~ 
Lead Thickness ic sft ~—0.004| ~—— 0.006 0.008{ 0.10] ~—Ss 0.15] ~——0.20 





[LowerLeadWidth ss [BT | 0.006] ~——0.008|_——0.010|_—S 0.15] 0.20 
[Mold DraftAngleTop sia =| TS 1 C107 
[Mold DraftAngle Bottom |B  { oO] 5] — 10 —~ST C1 
* Controlling Parameter. | 
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.’ 


+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side.or 0.020” (0.508 mm) more than dimensions “D” or “E”’ 
EIAJ equivalent: 1C-74-2-3 
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Packaging Diagrams and Parameters 








Package Type: K04-068 32-Lead Plastic Thin Small Outline (TS) — 8 x 20 mm 

















Units INCHES | MILLIMETERS* 
-Quoensen Lips ____}___Mit__NOM__¥ax_ta_|_NeW_—_MAX_ 
[Pitch tp 0.020 es eS -:) 
[NumberofPins im | | AT 
|Shoulder Height Ss [A1_— | 0.020] 0.025] 0.030] ~ 0.51] 0.64] 0.76 | 
Standoff AZ| 0.000] 0.005] 0.010] 0.00] 0.13] 0.25 
|Moided Package Length [D* | 0.314] 0.317] 0.323] 7.90] 8.05] 8.20 
|Molded Package Width [E* | 0.720] 0.724] 0.728] 18.30] 18.40| 18.50) 
[Outside Dimension [E1780] 0.787] 0.795] 19.80] 20.00] 20.20) 
|ShoulderRadius [RA] 0.000] 0.004] 0.010] 0.00] 0.10] 0.25 | 
|GuilWingRadius ss |R2_ | 0.000] 0.004] 0.010] 0.00] 0.10.25 | 
|FootLength tL | 007] 0.012| 0.017] 0.18] 0.30] 0.43 | 
|FootAnge tT] | 
|___ 0.002 


Lead Thickness 


* Controlling Parameter. 
'T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B”” 
- + Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
EIAJ equivalent: IC-74-2-3 : 
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Packaging Diagrams and Parameters 





Package Type: K04-075 28-Lead Plastic Very Small Outline (VS) — 8 x 13.4 mm 







| 3] 1.2 
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ae 
fees 
a2 | 0.000 0.004[ _0.008| _0.00[ 0.10] 0.20] 
Df] ori] —o-st5| —o.s19| 790] 8.00| 810 
et | 0.461] 0.465] 0.469] 14.70] 11.80] 11.90) 
E1_|_0.816}_0.628_0.39/ _13.10{ _18.40{ _13.70 
Shoulder Radus___"_[pi__[ "0.000" o.004|"“o.010 0.00 0.10025 
| 0.010 | _0.25 | 
o 
at 
eo 
Bie 









10 
0.010] 0.00] 0.10. 

| 0.007/ 0.012] 0.017] 0.18] 0.30] 0.43 

tf of 

2.0001 0.0021 0.005) _0.00] __0.08) 

[0.005] o,007[ 0.000 0.18 0.18 


Mold Draft Angle Bottom | Ttti‘i‘“C“‘W 
* Controlling Parameter. 


tT Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.” 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
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Packaging Diagrams and Parameters 








Package Type: K04-071 44-Lead Plastic Quad Flatpack (PQ) 
10x10x2 mm Body, 1.6/0.15 mm Lead Form 
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Units J | INCHES | MILLIMETERS* 
Dimension Limits | MIN” | NOM [| MAX [| MIN” | NOM | MAX 
Pitch a rs a ee ee ee 
Number of Pins A a 1 | 
Pins along Width [i (aa |) Se nee CN | 
Overall Pack. Height A__| 0.079} 0.086} 0.093] 2.00 
Shoulder Height | _0.032] 0.044] 0.056] 0.81] ttt] 141 
6 


Shoulder Radius 
ing Radius 
Foot Length 


| 0.005{ 0.005} 0.010] 0.13] 0.13] 0.25, 
| 0.005{ 0.012| 0.015] 0.13] 0.30] 0.38. 


: 1 | 
| 0.002| —0.006| 0.010] 0.05] 0.15] 0.25, 
a : 


111 


O/C iC ina @ 
c pe) c 
ao 2: = 
a & = 
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— Q eo 
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= 

= tC 
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Foot Angle a) ES) es | ee) ) 
| 0.0tt{ 0.016} 0.021] 0.28] 041] 0.53, 

ead Thickness | 0.005| 0007/0009] 0.13] 0.18] 0.23. 
ower Lead Width | 0.012| 0.015] 0.018] 0.30] 0.37] 0.45 
ide Tip Length Di | ~~ o.5t0] 0.520] 0.530] 12.95] 13.20) 13.45 | 
Molded Pack. Length [D#_ | 0.390] 0.394] 0.308] 9.90] 10.00] 10.10 
Molded Pack.Width ss [E# | 0.390] 0.304] 0.308] 9.90] 10.00] 10.10 
Pint Corer Chamfer_|[X__—|——0.025| 0.035 0.045| 0.635] 0.89] 1.143] 
Mold DraftAngleTop a | 5] 10] 5] 10 
Mold Draft Angle Bottom |p | 5] 12] ts] 2] 8 | 


“ Controlling Parameter. : 

T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B”’ 

+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 


exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-022 AB 








DS00049J-page 11-54 © 1998 Microchip Technology Inc. 





MICROCHIP 








Packaging Diagrams and Parameters 








Package Type: K04-076 44-Lead Plastic Thin Quad Flatpack (PT) 
10x10x1 mm Body, 1.0/0.1 mm Lead Form 












[Units INCHES | MILLIMETERS* 
[Dimension Limits |_|) MIN, [| ~NOM_ [| MAX | MIN | NOM | MAX __| 
aaa [Se Sen Te) eee ee) | 
[NumberofPins In | Ta 
[PinsalongWidth tnt | 
[Overall Pack.Height JA | 0.039] 0.043 0.047] 1.00] 1.10) 1.20 
|ShoulderHeight [AT | 0.015| 0.025] 0.035] 0.38] 0.64] 0.89 
[Standoff AL 0.002] 0.004] 0.006 | 0.05] 0.10] 0.15 | 
|ShoulderRadius [RI] 0.003] 0.003 0.010] 0.08] 0.08] 0.25 | 
[GullWingRadius ss R2_ | 0.003] 0.006 | _—0.008| 0.08] 0.14] 0.20 
[FootLength Ls} 0.005 0.010] 0.015] 0.13] 0.25 0.88 | 
[FootAngle | 87] 87 
[Radius Centerline Lt | 0.003] 0.008| 0.013| 0.08] 0.20] 0.33 | 
[LeadThickness [c= | 0.004] 0.006] 0.008] 0.09| 0.15] 0.20 
[LowerLeadWidth BT | 0.012) 0.015/ 0.018] 0.30| 0.38] 0.45 | 
[Outside TipLength [D1 | 0.463]_—0.472| 0.482] 14.75] 12.00 12.25 | 
0.463] 0.472| 0.482] 14.75] 12.00] 12.25 | 
[Molded Pack.Length _—[D#__— || 0.390|_——0.394| 0.398| 9.90 10.00] _—10.10 
|Molded Pack.Width {EF | 0.390] 0.394| 0.398| —9.90| _—10.00|_—10.10 
|Pin1 CornerChamfer —|x__ | 0.025] __—0.035| 0.045 | 0.64] 0.89] .14 | 
[Mold DraftAngleTop fa =| 5] 1 S|] 
|Mold Draft Angle Bottom |B |S. Pd a 1 


* Controlling Parameter. 
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shail not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-026 ACB 
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; Packaging Diagrams and Parameters | 





Package Type: K04-085 64-Lead Plastic Thin Quad Flatpack (PT) 
10x10x1 mm Body, 1.0/0.1 mm Lead Form 
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units INCHES | MILLIMETERS* 
[Dimension Limits | =~ | = MIN, | ~NOM_| MAX | MIN” | NOM | MAX | 
aaa a [NE (RE) ee A) 










INumberofPins In S| TAT 
Pins alongWidth int S| | 
Overall Pack.Height JA] 0.039) 0.043] 0.047] 4.00] 1.10 
| Shoulder Height [A] 0.015| 0.025] 0.035] 0.38. 
Standen __—_—______jA2._{_0.092,__0.0041__0.006/__0 05: 
[Shoulder Radius [R17 | 0.003] 0.003 
GullWing Radius |R2__—|_— 0.003] 0.006 | 0.008| 0.08] 0.14 | 
LeadThickness cs =| 0.004| 0.006 | —0.008| 0.09] 0.15 0.20 
LowerLeadWidth [BT | 0.007] 0.009} 0.011] 0.17] 0.22) 0.27) 
Outside Tip Length [D1 | 0.463] 0.472| 0.482] 14.75) 12.00] 12.25 | 
Outside Tip Width 
[Molded Pack.Length ss |D#_ | 0.390] 0.394 0.398. 
Molded Pack.Width [E* | 0.390| 0.394] 0.398 | 
Pin1 CormerChamfer___—|X__—|_— 0.025] 0.035] 0.045 | 
Mold DraftAngleTop ja = | S| tO 
Mold Draft Angle Bottom |B | 5 


* Controlling Parameter. 
tT Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B’” 
+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.” 
JEDEC equivalent: MS-026 ACD 
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MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: K04-092 80-Lead Plastic Thin Quad Flatpack (PT) 
12x12x1 mm Body, 1.0/0.1 mm Lead Form 
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Units 

Dimension Limits is eel 

Pith = Cid Bee : 
INumberofPins = in| S| TC eC CO : 
PinsalongWidth = int? || CTC eC CC op 
Overall Pack.Height —ss[As|_ 0.089] 0.043/ —0.047| ss 1.00| —.10| 1.20 2) 
[ShoulderHeight [AT | 0.015] 0.025 0.035] =~ 0.38] 0.64/89 | a 
Standoff ss CART 0.002] 0.004 0.006| 0.05] 0.100.185 | Q. 
ShoulderRadius sR} | 0.003] 0.003] 0.010] 0.08] ~— 0.08} i. | a 
GullWingRadius_ ss |R2_| 0.003] 0.006] ~— 0.008 ~— 0.08] S014] 0.20 

[FootLength = “as L | S005] =~ 0.012| 0.015] 0.13] 0.380] (0.38 | 

[FootAnge =i “<sas—C(CrTC CT $8 CC“(‘iti‘t TC HC 

[Radius Centerline ss [L1— | 0.003] 0.008 0.013| =~ 0.08| =~ 0.20/03 | 

lLeadThickness sic 3S || S004] 0.006] 0.008 02.09 






| __0.20 | 
Tee Teale | aT RET ee ee 
Outside TipLength ss [D1] 0.542] 0.551] 0.861] 13.77] 14.00| 14.25 | 
Outside Tip Width ss [ET | 0.542] 0.551] 0.561] 13.77] 14.00] 14.25] 
Molded Pack.Length ss [D#__ | 0.462| 0.472] 0.482 | 11.73] 12.00] 12.24 | 
Molded Pack.Width ss |E* | 0.462| 0.472] 0.482] 11.73] 12.00] 12.24 
Pini CormerChamfer _—|xX__—s|_—— 0.025] 0.035] 0.045 0.64] 89] .14| 
Mold DraftAngleTop Ss fa =| SS] tO TTS 
Mold Draft Angle Bottom [B_ | SS] 2ST 
" Controlling Parameter. 
t Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003” 
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.” 


+ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E” 
JEDEC equivalent: MS-026 ADD 
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Packaging Diagrams and Parameters 





NOTES: 
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Product Tape and Reel Specifications 








FIGURE 1: EMBOSSED CARRIER DIMENSIONS (8, 12,16, AND 24MM TAPE ONLY) 





















































| Top 
Cover 
Tape 
iV 
TABLE 2: CARRIER TAPE/CAVITY DIMENSIONS 
Case Package Dimensions Dimensions | Bate eile oe -_ 
[oN | Soe a | we | 8 | ea | sa | 24 | a0 | oa 
SO SOIC .300” 28L 24 12 10.9 18.3 3.0 1600 330 
24 12 11.1 18.5 3.0 1600 330 
[rico sat [ae te [31 | 155 | 308 | 900) 300 
L PLCC 44L 32 24 18.0 18.0 4.9 500 330 
32 24 18.0 18.0 5.0 500 
~s.[s010 180" sat [te [8 | es | es | 21 | 2000 | a0 
32L 
a 
[ss ssop au [ 24 | te | a | 400 | 24 | 2100 | 300 
[ra | ware aa [28 | oe [106 | 108 | 208 | 000 | 200 
er [tarp aan oe [oe | tee | tee | 21 | 1200 | 300 
| 330 
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FIGURE 3: MECHANICAL POLARIZATION (PCC AND LCC DEVICES) 






b---O—-—# 


Pin No. 1 to be 
on Circular 
Sprocket Hole Side 
of Tape. 


User Direction Feed 


Note 1: Top view shown with cover tape removed. 


2: Only single sprocket tape shown - polarization for double sprocket tape (82 mm and wider) is the 
same as shown. 


FIGURE 4: MECHANICAL POLARIZATION (SOIC DEVICES) 


User Direction of Feed 


Note 1: Top view shown with cover tape removed. 


2: Only single sprocket tape shown — polarized for double sprocket tape (82 mm and wider) is the 
same as shown. 


; % 


DS00151A-page 11-60 Preliminary © 1998 Microchip Technology Inc. 





MICROCHIP 


PACKAGING 





Overview of Microchip Die/Wafer Support 





INTRODUCTION 


Microchip Technology Inc. devices are available in 
wafer form and in die form. All products sold in die or 
wafers have been characterized and qualified accord- 
ing to the requirements of Microchip Technology Inc. 
Specifications SPI-41014, “Characterization and Qual- 
ification of Integrated Circuits,” and QCI-39000, “World- 
wide Quality Conformance Requirements.” 


PRODUCT INTEGRITY 


Product supplied in die or wafer form are fully tested 
and characterized. Die or Wafers are inspected to 
Microchip Technology Inc. Specification, QCI-30014. 





ORDERING INFORMATION 


Die sales must be conducted by contacting your 
Microchip Sales Office. 


To order or obtain information (on pricing or delivery) 
for a specific device, use one of the following part 
numbers: 


Devices in Waffle Pack 
DEVICE_NUMBER/S 


Devices in Wafer form 
DEVICE_NUMBER/W 
DEVICE_NUMBER/WF 


where DEVICE_NUMBER is the device that you 
require. The S specifies die in a waffle pack while a W 
specifies wafer sales, and WF specifies sawn wafer on 
frames. 






ELECTRICAL SPECIFICATIONS 


The functional and electrical specifications of Microchip 
devices in die form are identical to those of a packaged 
version. Please refer to individual data sheets for 
complete details. 


QTP 


Quick Turnaround Production (QTP) applies only to 
EPROM and EEPROM microcontrollers. 


With QTP devices, the program memory array is only 
tested against the code provided. This method ensures 
that the device will operate correctly as programmed, 
but does not ensure that every program memory bit can 
be programmed to every state. 


EPROM 


EPROM devices are supplied as fully erased 
programmable parts that are UV erasable and re- 
programmable by the user (except for QTP and SQTP 
devices). 


EEPROM 


EEPROM devices may not be supplied in a fully erased 
state, but are re-programmable by the user (except for 
QTP and SQTP devices). 


ROM 


ROM devices are supplied as fully programmed parts 
(program memory” only). These are not 
reprogrammable by the user. 


DIE MECHANICAL SPECIFICATIONS 


Refer to the individual data sheet for these 
specifications. 


© 1998 Microchip Technology inc. 
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BOND PAD COORDINATES 


The die figures have associated bond pad coordinates. 
These coordinates assist in the attaching of the bond 
wire to the die. All the dimensions of these coordinates 
are in micrometers (um) unless otherwise. specified. 
The origin for the coordinates is the center of the die, 
as shown in Figure 1. Refer to the Microchip Die Spec- 
ification sheet for openings and pitch. 


DIE COORDINATE ORIGIN 


FIGURE 1: 





Origin (0,0) 


Bottom Left ; 
yt Re 


t All dimensions in um unless specified otherwise. 


The die is capable of thermosonic gold or ultrasonic 
wire bonding. Die meet the minimum conditions of MIL- 
STD 883, Method 2011 on “Bond Strength (Destructive 
Bond Pull Test)”. The Bond Pad metallization is silicon 
doped aluminum. 


SUBSTRATE BONDING 


Substrate bonding may be required on certain product 
families. For more information refer to the die specifica- 
tion sheet. 


SHIPPING OPTIONS 


DIE Form Shipping 


Microchip product in die form can be shipped in waffle- 
pack. The waffle pack has sufficient cavity area to 
restrain the die, whiie maintaining their orientation. Lint 
free paper inserts are placed over the waffle packs, and 
each pack is secured with a plastic locking clip. Groups 
of waffle packs are assembled into sets for shipment. A 
label with lot number, quantity, and part number is 
attached. 


These waffle packs are hermetically sealed in bags. 
Wafer Form 


Products may also be shipped in wafer form (see order- 
ing information). Wafers are shipped in a wafer tub. The 
tub is padded with non-conductive foam. Lint free 
paper inserts are placed around each wafer. A label 
with lot number, quantity, and part number is attached. 


Sawn Wafer on Frames 


Products may also be shipped on wafer frames. Wafers 
are mounted on plastic frames and 100% sawn 
through. Sawn wafer on frames may be shipped in bulk 
(25 wafers per carrier) or in a single wafer in a carrier. 
A label with lot number, quantity, and part number is 
attached with each shipment. 


Storage Procedures 


Temperature and humidity greatly affect the storage life 
of die. It is recommended that the die be used as soon 
as possible after receipt. , 


Upon receipt, the sealed bags should be stored in a 
cool and dry environment (25°C and 25% relative 
humidity). In these conditions, sealed bags have a shelf 
life of 12 months. Temperatures or humidities greater 
than these will reduce the storage life. 


Once a bag containing waffle packs has been opened, 
the devices should be assembled and encapsulated 
within 48 hours (assuming, 25°C and 25% humidity). 


DS30258C-page 11-62 


© 1998 Microchip Technology Inc. 





MICROCHIP 





SECTION 12 
WORLDWIDE SALES 
ADDRESS LISTINGS 
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MicROCHIP 
e 
Factory Representatives 
AFRICA Quebec France 
Pipe- Thompson LeadREP 
st ean aici oy Ae. 150, Plante 99 route de Versailles 
Daw : ian a4 : ql a Ste-Madeleine QC JOH 1S0 91160 Champlan 
ee ata Canada France 


South Africa 
TEL: 27-11-4520530 
FAX: 27-11-4520543 


CANADA 


Alberta 


Enerlec Sales Ltd. 

#103, 155 Glendeer Circle SE 
Calgary, Alberta T2H 2S8 
Canada 

TEL: 403 777-1550 

FAX: 403 777-1553 

Email: asutti@enerlec.com 


British Columbia 


Enerlec Sales Ltd. 

#7 3671 Viking Way 
Richmond BC V6V 1W1 
Canada 

TEL: 604 273-0882 
FAX: 604 273-0884 
Email: rayq@enerlec.com 


Ontario 

Pipe-Thompson 

6 Bentworth Cresent 

Nepean ON K2G 3X2 
Canada 

TEL: 613 596-1908 

FAX: 613 596-2905 

Email: pipethom @idirect.com 


Pipe- Thompson 

4 Robert Speck Parkway, Suite 1170 
Mississauga ON L4Z 1S1 

Canada 

TEL: 905 281-8281 

FAX: 905 281-8550 

Email: pipethom @idirect.com 
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TEL: 514 795-3944 
FAX: 514 795-6644 
Email: pipethom @ idirect.com 


Pipe-Thompson 

4285 Rue Acres 

Pierrefonds QC H9H 2T9 
Canada 

TEL: 514 624-8760 

FAX: 514 624-0337 

Email: pipethom @idirect.com 


EUROPE 


Austria 


Active Rep GmbH 
Wiessenstr. 40 

A-4600 Wels 

Austria 

TEL: 43-7242-572463 
FAX:  43-7242-572464 


Belgium 

Active Rep GmbH 

Vertrieb Nord 

Obenitterstr 21 

D-42719 Solingen 
Germany 

TEL: 49-212-230400 
FAX:  49-212-23-04-023 


Czechoslovakia 


Active Rep GmbH 
Wiessenstr. 40 

A-4600 Wels 

Austria 

TEL: 43-7242-572463 
FAX:  43-7242-572464 


England 


Arizona Technologies 

Unit 21, Loughborough Technology 
Centre 

Epinal Way 

Leicestershire LE11 OQE 

England 

TEL: 44-1509-611277 

FAX:  44-1509-611288 


TEL: 33-1-69-79-9350 
FAX: 33-1-69-79-9359 
Email: carole.nomblot@microchip.com 


Germany 


Active Rep GmbH 
Vertrieb Nord 

Obenitterstr 21 

D-42719 Solingen 
Germany 

TEL: 49-212-230400 
FAX: 49-212-23-04-023 


Active Rep GmbH 
Augsburgerstr. 43 

D-82110 Germering 
Germany 

TEL: 49-89-89-42-96-60 
FAX: 49-89-89-42-96-62 


Active Rep GmbH 
Vertrieb Nord 

Emil Pleitner Gang 2 
D-26135 Oldenburg 
Germany 

TEL: 49-441-2069986 
FAX: 49-441-2069989 


Active Rep GmbH 
Schubertstrasse 35 
D-75438 Knittlingen 
Germany 

TEL: 49-7043-9329-0 
FAX: 49-7043-3-34-92 


Hungary 

Active Rep GmbH 
Wiessenstr. 40 

A-4600 Wels 

Austria 

TEL:  43-7242-572463 
FAX:  43-7242-572464 
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EUROPE (Continued) 


Ireland 


Eltech Agencies Ltd. 
7 - 10 Robert Scott House 
Patrick’s Quay 


TEL: 353-21-509-366 
FAX: 353-21-509-344 


Netherlands 


Active Rep GmbH 
Vertrieb Nord 

Obenitterstr 21 

D-42719 Solingen 
Germany 

TEL: 49-212-230400 
FAX: 49-212-23-04-023 


Norway 


Component-74 Eidsvold 
P.O. Box 9 

N-2070 Raholt 

Norway 

TEL: 47-63-956010 
FAX: 47-63-956019 © 


Scotland 


Juniper Solutions 
Enterprise House 
Springkerse Business Park 
Sterling FK7 7UF 
Scotland 

TEL: 44-1786-446220 
FAX: 44-1786-446223 


Slovakia 


Active Rep GmbH 
Wiessenstr. 40 

A-4600 Wels 

Austria 

TEL: 43-7242-572463 
FAX:  43-7242-572464 


Spain 

LeadREP 

99 route de Versailles 

91160 Champlan 

France 

TEL: 33-1-69-79-9350 

FAX: 33-1-69-79-9359 

Email: carole.nomblot @microchip.com 


Sweden 


Memec Scandinavia AB 
Sehistedsgatan 6 

115 28 Stockholm 
Sweden 

TEL: 46-8-459-79-00 
FAX: 46-8-459-79-99 


Switzerland 

Mero (Microchip Engineering & Rep. 
Organization) 
Switzerland/Liechtenstein 

Heuerweg 1 

CH-5605 Dottikon 

Switzeriand 

TEL: 41-56-610-15-01 

FAX: 41-56-610-15-03 


SOUTH AMERICA 


South America (except Brazil) 


Ibars Electronics Corp 
10020 N.W. 6th CT 
Pembroke Pines FL 33024 
USA 

Tel: 954 430-3740 

Fax: 954 430-3763 


Brazil 


Artimar, Ltda. 

Rua Marques De Itu 

70 - 10 Andar 

01223 Sao Paulo 
Brazil 

Tel: 55-11-231-0277 
Fax: 55-11-255-0511 


UNITED STATES 


Alaska 


Micro Sales 

2122-112th Avenue N.E. 
Bellevue WA 98004-2947 
USA 

TEL: 206 451-0568 

FAX: 206 453-0092 

Email: bob@microsales.com 


Alabama 


Concord Components 

190 Lime Quarry Road, Suite 102 
Madison AL 35758 

USA 

TEL: 205 772-8883 

FAX: 205 772-8262 

Email: ccrga@concord-rep.com 


Arizona 


Western High Tech 

7025 East Greenway Parkway 
Suite 550 

Scottsdale AZ 85254 

USA 

TEL: 602 993-9700 

FAX: 602 993-9707 

Email: whigh @aol.com 


California 


Northern California 

Microchip Technology Inc. 

2107 North First Street, Suite 590 
San Jose, CA 95131 © 

TEL: 408-436-7950 

FAX: 408-436-7955 


Southern California | 

Los Angeles Area es 
Unitec Sales Associates (CT]) 

23461 South Pointe Drive, Suite 120 
Laguna Hills CA 92653 

USA. 

TEL: 714 699-6120 

FAX: 714 699-6132 

Email: hempel@unitecsales.com 


San Diego Area 

Eagle Tech. Sales 

1900 Sunset Drive, Suite A 
Escondido CA 92025 

USA 

TEL: 760 743-6550 

FAX: 760 743-6585 

Email: eagles1900 @ aol.com 


Colorado 


Colorado Springs 

Western Region Mktg. 

6328 Brightstar Drive 
Colorado Springs CO 80910 
USA 

TEL: 303 548-8282 

FAX: 303 548-0462 

Email: garth@wrmktg:.com 


Denver 

Western Region Mktg. 
9176 Marshall Place 
Westminster CO 80030 
USA 

TEL: 303 428-8088 

FAX: 303 426-8585 
Email: garth@wrmktg.com 


Connecticut 


Entield 

SJ New England 

12 Gem Grove 

Enfield CT 06082 

USA 

TEL: 860 749-1531 

FAX: 860 Same as Phone 
Email: sjneweng@ aol.com 


Naugatuck 

SJ New England 

15 Coventry Lane 
Naugatuck CT 06770 

USA 

TEL: 203 723-4707 

FAX: 203 723-1629 
Email: sjneweng @ aol.com 


Branford 

SJ New England 

9 Tanglewood Drive 
Branford CT 06405 

USA 

TEL: 203 488-7568 

FAX: 203 488-8149 
Email: sjneweng@ aol.com 
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UNITED STATES (Continued) 


Delaware 


SJ Mid-Atlantic 

131-D Gaither Drive 

Mt. Laurel NJ 08054 

USA 

TEL: 609 866-1234 

FAX: 609 866-8627 

Email: sjmidatl@ pipeline.com 


District of Columbia 


SJ Chesapeake 

900 South Washington Street, Suite 307 
Falls Church VA 22046 

USA 

TEL: 703 533-2233 

FAX: 703 533-2236 

Email: sjches @pipeline.com 


Florida 


Altamonte Springs 
Electramark Fla., Inc. 

401 Whooping Loop, Suite 1565 
Altamonte Springs FL 32701 
USA 

TEL: 407 830-0844 

FAX: 407 830-0847 

Email: eletrmkfla@aol.com 


Margate 

Electramark Fla., Inc. 

767 South State Road 7, Suite 22B 
Margate FL 33068 

USA 

TEL: 954 974-9933 

FAX: 954 974-6616 

Email: eletrmkfla@aol.com 


Tampa 

Electramark Fla., Inc. 

2910 West Waters Avenue 
Tampa FL 33614 

USA 

TEL: 813915-1177 

FAX: 813915-1188 
Email: eletrmkfla@aol.com 


Georgia 


Concord Components 

6825 Jimmy Carter Boulevard 
Suite 1303 

Norcross GA 30071 

USA 

TEL: 770 416-9597 

FAX: 770 441-0790 

Email: ccral@concord-rep.com 


idaho 


Micro Sales 

1905 NW 169th Place, Suite D 
Beaverton OR 97006 

USA 

TEL: 503 645-2841 

FAX: 503 645-3754 

Email: mariley@teleport.com 
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Illinois 


Northern 

Janus, Inc. 

650 East Devon Avenue, Suite 170 
Itasca IL 60143 

USA 

TEL: 630 250-9650 

FAX: 630 250-8761 

Email: janusil@janusinc.com 


Southern 

Spectrum Sales 

5494 Brown Rd, Suite 124 
St Louis MO 63042 

USA 

TEL: 314 731-4477 

FAX: 314 731-1332 

Email: spectrumkc@aol.com 


indiana 


Sellersburg 

Electro Reps 

60 Buck Blvd. 

Sellersburg IN 47172 

USA 

TEL: 812 246-2342 

FAX: 812 246-3286 

Email: kathy.samuels @ microchip.com 


Fort Wayne 

Electro Reps 

125 Airport North Office Park 

Fort Wayne IN 46825 

USA 

TEL: 219 489-8205 

FAX: 219 489-8408 

Email: kathy.samuels @ microchip.com 


Indianapolis 

Electro Reps 

7240 Shadeland Station, Suite 275 
Indianapolis IN 46256-3928 

USA 

TEL: 9317 842-7202 

FAX: 317 841-0230 

Email: kathy.samuels @ microchip.com 


lowa 


Spectrum Sales 

708 J Avenue N.E., Suite 9 
Cedar Rapids !A 52402 

USA 

TEL: 319 366-0576 

FAX: 319 366-0635 

Email: spectrumkc@ aol.com 


Kansas 


Spectrum Sales 

5382 West 95th Street 
Prairie Village KS 66207 
USA 

TEL: 913 648-6811 

FAX: 913 648-6823 

Email: spectrumkc@ aol.com 


Kentucky 


Northern 

Millennium Technical Sales 

7155 Post Road 

Dublin OH 43016 

USA 

TEL: 614 793-9545 

FAX: 614 793-0256 

Email: janet.deluca @microchip.com 


Southern 

Electro Reps 

7240 Shadeland Station, Suite 275 
indianapoiis iN 46256-3928 

USA 

TEL: 812 842-7202 

FAX: 812 841-0230 

Email: kathy.samuels @microchip.com 


SJ New England 

Corp. Place #3 

267 Boston Road 

North Billerica MA 01862 
USA 

TEL: 508 670-8899 

FAX: 508 670-8711 
Email: sjneweng@aol.com 


Maryland 


SJ Chesapeake 

900 South Washington Street, Suite 307 
Falls Church VA 22046 

USA 

TEL: 703 533-2233 

FAX: 703 533-2236 

Email: sjches @pipeline.com 


Massachusetts 


SJ New England 

Corp. Place #3 

267 Boston Road 

North Billerica MA 01862 
USA 

TEL: 978670-8899 

FAX: 978670-8711 
Email: sjneweng@aol.com 


Michigan 

Miltimore Sales, Inc. 

3680 44th Street, Suite 100 
Kentwood MI 49512 

USA 

TEL: 616 554-9292 

FAX: 616 554-9210 

Email: rwiesing @miltimore.com 


Mittimore Sales, Inc. 

22765 Heslip Drive 

Novi MI 48375-4130 

USA 

TEL: 248 349-0260 

FAX: 248 349-0756 

Email: rwiesing @miltimore.com 
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UNITED STATES (continuea) 


Minnesota 


Mel Foster Company . 

7611 Washington Ave. South 

Edina MN 55439 

USA 

TEL: 612 941-9790 

FAX: 612 944-0634 

Email: mikes @melfoster.com 


Mississippi 


Concord Components 

190 Lime Quarry Road, Suite 102 
Madison AL 35758 

USA 

TEL: 205 772-8883 

FAX: 205 772-8262 

Email: ccrga@concord-rep.com 


Missouri 


Spectrum Sales 

5494 Brown Rad, Suite 124 
St Louis MO 63042 

USA 

TEL: 314 731-4477 

FAX: 314 731-1332 

Email: spectrumkc@aol.com 


Montana 


Western Region Mktg. 
9176 Marshall Place 
Westminster CO 80030 
USA 

TEL: 303 428-8088 

FAX: 303 426-8585 
Email: garth@wrmktg.com 


Nebraska 


Spectrum Sales 

5382 West 95th Street 
Prairie Village KS 66207 
USA 

TEL: 913 648-6811 

FAX: 913 648-6823 

Email: spectrumkc@ aol.com 


Western High Tech 

7025 East Greenway Parkway, Suite 550 
Scottsdale AZ 85254 

USA 

TEL: 602 993-9700 

FAX: 602 993-9707 

Email: whigh@aol.com 


New Hampshire 


SJ New Engiand 

Corp. Place #3 

267 Boston Road 

North Billerica MA 01862 
USA 

TEL: 506 670-6895 

FAX: 508 670-8711 
Email: sjneweng @aol.com 


New Jersey 


Northern 

Parallax 

734 Walt Whitman Road 

Suite 209 

Melville NY 11747 

USA 

TEL: 516351-1000 

FAX: 516 351-1606 

Email: espobob @ix.netcom.com 


Southern 

SJ Mid-Atlantic 

131-D Gaither Drive 

Mt. Laurel NJ 08054 

USA . 

TEL: 609 866-1234 

FAX: 609 866-8627 

Email: sjmidatl@ pipeline.com 


New York 


Melville 

Parallax 

734 Walt Whitman Road, Suite 209 
Melville NY 11747 

USA 

TEL: 516351-1000 

FAX: 516 351-1606 

Email: espobob@ix.netcom.com 


Rochester 

Apex Associates 

1210 Jefferson Road 
Rochester NY 14623 

USA 

TEL: 716272-7040 

FAX: 716 272-7756 

Email: apexiassoc @ aol.com 


North Carolina 


ZA Tech 

4070 Barret Drive 

Raleigh NC 27619 

USA 

TEL: 919 782-8433 

FAX: 919 782-8476 

Email: webmaster @ za-inc.com 


Ohio _ 7 

Millennium Technical Sales 

4700 Sunray Road 

Kettering OH 45429 

USA 

TEL: 937 435-8650 

FAX: 937 435-8576 

Email: richard.mamula@microchip.com 


Millennium Technical Sales 

29500 Aurora Road, Suite 13 

Solon OH 44139 

USA 

TEL: 216 349-6600 

FAX: 216 349-6700 

Email: janet.deluca@microchip.com 


Millennium Technical Sales 

7155 Post Road 

Dublin OH 43016 

USA 

TEL: 614 793-9545 

FAX: 614 793-0256 

Email: janet.deluca@microchip.com 


Oregon 


Micro Sales 

1905 NW 169th Place, Suite D 
Beaverton OR 97006 

USA 

TEL: 503 645-2841 

FAX: 503 645-3754 

Email: mariley @teleport.com 


Pennsylvania 


Eastern 

SJ Mid-Atlantic 

131-D Gaither Drive 

Mt. Laurel NJ 08054 

USA 

TEL: 609 866-1234 

FAX: 609 866-8627 

Email: sjmidatl@pipeline.com 


Western 

Millennium Technical Sales 

7155 Post Road 

Dublin OH 43016 

USA 

TEL: 614 793-9545 

FAX: 614 793-0256 

Email: janet.deluca@microchip.com 


Millennium Technical Sales 

302 Bayberry Lane 

imperial PA 15126 

USA 

TEL: 412 695-7661 

FAX: 412 695-7870 

Email: richard. mamula@microchip.com 
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UNITED STATES (Continued) 


Rhode Island 


SJ New England 

Corp. Place #3 

267 Boston Road 

North Billerica MA 01862 
USA 

TEL: 508 670-8899 

FAX: 508 670-8711 
Email: sjneweng @aol.com 


South Dakota 


Mel Foster Company 

7611 Washington Ave. South 
Edina MN 55439 

USA 

TEL: 612 941-9790 

FAX: 612 944-0634 

Email: mikes @melfoster.com 


South Carolina 


ZA Tech 

4070 Barret Drive 

Raleigh NC 27619 

USA 

TEL: 919 782-8433 

FAX: 919 782-8476 

Email: webmaster @za-inc.com 


Tennessee 


Western Tennessee 

Concord Components 

190 Lime Quarry Road, Suite 102 
Madison AL 35758 

USA 

TEL: 205 772-8883 

FAX: 205 772-8262 

Email: ccrga@concord-rep.com 


Eastern Tennessee 

ZA Tech 

4070 Barret Drive 

Raleigh NC 27619 

USA 

TEL: 919 782-8433 

FAX: 919 782-8476 

Email: webmaster @ za-inc.com 
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Utah 


Western Region Mktg. 

3575 South West Temple, #4 
Salt Lake City UT 84115 
USA 

TEL: 801 268-9768 

FAX: 801 268-9796 

Email: garth@wrmktg.com 


Vermont 


SJ New England 

Corp. Place #3 

267 Boston Road 

North Billerica MA 01862 
USA 

TEL: 508 670-8899 

FAX: 508 670-8711 
Email: sjneweng @aol.com 


Virginia 

SJ Chesapeake 

900 South Washington Street, Suite 307 
Falls Church VA 22046 

USA 

TEL: 703 533-2233 

FAX: 703 533-2236 

Email: sjches@ pipeline.com 
West Virginia 

Western Region Mktg. 

9176 Marshall Place 
Westminster CO 80030 

USA 

TEL: 412 428-8088 

FAX: 412 426-8585 

Email: garth@wrmktg.com 


Washington 


Micro Sales 

2122-112th Avenue N.E. 
Bellevue WA 98004-2947 
USA 

TEL: 425 451-0568 

FAX: 425 453-0092 

Email: bob@microsales.com 


Wisconsin 


Eastern Wisconsin 

Janus, Inc. 

760 Milwaukee Street 

Delafield WI 53018 

USA 

TEL: 414 646-5420 

FAX: 414 646-5421 

Email: prheingans@ janusinc.com 


Western Wisconsin 

Mel Foster Company 

7611 Washington Ave. South 
Edina MN 55439 

USA 

TEL: 612 941-9790 

FAX: 612 944-0634 

Email: mikes @melfoster.com 


Wyoming 

Western Region Mktg. 
9176 Marshall Place 
Westminster CO 80030 
TEL: 303 428-8088 
FAX: 303 426-8585 
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MICROCHIP 








AFRICA 


South Africa 


Avnet Kopp Pty Ltd. 

P. O. Box 3853 

Rivonia 2128 

South Africa 

TEL: 27-11-444-2333 
FAX: 27-11-444-1706 


Azona Pty. Ltd. 

P.O. Box 16767 

Unit 2, Lifestyle Management Park 
Lyttelton 0140 

South Africa 

TEL: 27-12-664-1910 

FAX: 27-12-664-1393 


Pace Electronic Components (Pty) Ltd. 


Cnr. Vanacht & Gewel Streets _ 
P.O. Box 701 

Isando 1600, Transvaal 

South Africa 

TEL: 27-11-9741211/6 

FAX: 27-11-9741271 


ASIA/PACIFIC 


Australia 


Avnet Pacific 

Suite 9, 24 Sandgate Road 
Breakfast Creek QLD 4010 
Australia 

TEL: 617-3262-5200 
FAX: 617-3262-6161 
Email: bri@avnet.com.au 


Avnet Pacific 

69 Walters Drive 
Osbourne Park WA 6017 
Australia 

TEL: 619-242-4266 
FAX: 619-242-4350 
Email: per@avnet.com.au 


Avnet Pacific 

8/27 College Road 

Kent Town SA 5067 
Australia 

TEL: 618-8362-0944 
FAX: 618-8362-0955 
Email: adl@avnet.com.au 
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Distributors 


Avnet Pacific 

Unit C, 6-8 Lyon Park Rd. 
North Ryde NSW 2113 
Australia 

TEL: 612-9878-1299 
FAX: 612-9878-1299 
Email: syd @avnet.com.au 


Avnet Pacific 

1st Floor, 664 Mountain Highway 
Bayswater, Melbourne 

Victoria 3153 

Australia 

TEL: 61-3-9738-1599 

FAX: 61-3-9738-1799 

Email: mel@avnet.com.au 


Zatek Australia Pty. Ltd. 
9-10 Bastow Place 

P. O. Box 613 
Melbourne 

Australia 

TEL: 613-95749644 
FAX: 613-95749661 


Zatek Australia Pty. Ltd. 
Level 4,5 

Beimore Street 

Sydney 

Australia 

TEL: 61-2-97-44-5711 
FAX: 61-2-97-44-5527 


China 


Excelpoint Systems Ltd. 
Rm. A1108 

Yinhai Commercial Bldg. 
Shanghai 200233 

PRC 

TEL: 86-21-6482-2280 
FAX: 86-21-6482-4680 


Excelpoint Systems Ltd. 
Rm. 610, Mingmao Bldg. 
Shuncheng Road 
Chengdu 610015 

PRC 

TEL: 86-28-662-8872 
FAX: 86-28-662-8872 


Excelpoint Systems Ltd. 
79 JIA, Fuxing Road 
Haidian District 

Beijing 100854 

PRC 

TEL: 86-10-6837-3894 
FAX: 86-10-6838-5621 


Goldenchip Elect. Tech Co. Ltd. 
7 Floor, 275 Wusi Road 
Fuzhou 350003 

PRC 

TEL: 86-591-771-1118 

FAX: 86-591-771-4160 


Goldenchip Research 

Unit 12B, 12 Floor, 

Hua Kai Fu Gui Monetary World 
Fuzhou 350001 

PRC 

TEL: 86-591-7602833 

FAX: 86-591-7602833 


Infinitron/S! Logic Ltd. 
Block B, 1/fi. 

153 FuRongJiang Road 
Shanghai 200335 

PRC 

TEL: 86-21-62330879 
FAX: 86-21-62330878 


Weikeng Ind. Co. Ltd. 

Rm. 14B, Jing Ming Mansion, 
No. 8 Zun Yi South Road 
Shanghai 200335 

PRC 

TEL: 86-21-6219-8745 
FAX: 86-21-6219-8745 


Weikeng Ind. Co. Ltd. 

Rm. 1201, Unit C | 
Hui Yuan International Apartment 
Beijing 100101 

PRC 

TEL: 86-10-6492-3726 

FAX: 86-10-6499-1424 


Wuhan Liyuan Research 
15 Zhuo Dao Quan Road 
P.O. Box 70020 

Wuhan 430070 

PRC 

TEL: 86-27-7493505 
FAX: 86-27-7493493 
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ASIA/PACIFIC (Continued) 


Hong Kong 


Excelpoint Systems Ltd. 

Rm. 1506, 15/F Telford House 
16 Wang Hoi Road 

Kowloon Bay 

Hong Kong 

TEL: 852-2503-2212 

FAX: 852-2503-1558 


Gold Tender Limited 

A2, 10/F, Bik A, Tonic Ind. Centre 
26 Kai Cheung Road 

Kin. 

Hong Kong 

TEL: 852-27586985 

FAX: 852-23181290 


Infinitron Asia Ltd. 

Room 802, 8F Kinox Centre 
9 Hung To Rad, 

Kowloon 

Hong Kong 

TEL: 852-2341-6611 

FAX: 852-2950-0987 


Guangzhou Qiangli Electric Co. Ltd. 
No. 498 12F/A, Huanshi East Road 
Boli Commercial Centre 
Guangzhou, China 510600 

TEL: 86-20-8760-7508 

FAX: 86-20-8760-4626 


Texny Glorytact (HK) Ltd. 
26/F, Metroplaza, Tower II 
223 Hing Fong Road 
Kwai Chung, Hong Kong 
TEL: 852-2765 0118 
FAX: 852-2765 0557 


Weikeng Ind. Co. Ltd. 

1509, Chevalier Comm Centre 
Wang Hoi Road 

Kowloon 

Hong Kong 

TEL: 852-27999035 

FAX: 852-27966968 


india 


Excelpoint Systems India 
3116, 6th C Main 
Indiranagar, Hal 2nd Stage 
Bangalore 560008 

india | 

TEL: 91-80-5294846 
FAX: 91-80-5294847 


Future Electronics India 
#401, 402, A-Wing 

5th Floor, Mittal Towers 
Bangalore 560 001 
India 

TEL: 91-80-559-3102 
FAX: 91-80-559-2995 


Future Electronics India 
#A-22, Lower Ground Floor 
Green Park Main 

New Dehli 110 016 

India 

TEL: 91-11-652-2072 
FAX: 91-11-652-2247 


Primetech Communications 


No. 289, 5th Cross, 1st Stage, 


ist Phase 

Gokul, Bangalore 560 054 
India 

TEL: 91-80-3378553 
FAX: 91-80-3472580 


Japan 

Dianichi Contronics Inc. 
Koraku Bidg., 1-1-8 Koraku 
Bunkyo-Ku 

Tokyo 112-0004 

Japan 

TEL: 81-3-3818-8081 
FAX: 81-3-3818-8088 


Global Electronics Corp. 
Nichibei Time 24 Bidg. 

35 Tansu-Cho, Shinjuku-Ku 
Tokyo 162-0833 

Japan 

TEL: 81-3-3260-1411 
FAX: 81-3-3260-7100 


Marubeni Solutions Corp. 
26-20, Higashi 1-chome 
Shibuya-ku 

Tokyo 150-0011 

Japan 

TEL: 81-3-5778-8661 
FAX: 81-3-5778-8669 


Ryoden Trading Co. 
3-15-15, Higashi Ikebukuro 
Toshima-Ku 

Tokyo 170-0014 

Japan 

TEL: 81-3-5396-6211 
FAX: 81-3-5396-6443 


Unidux, Inc. 

5-1-21, Kyonan-cho 
Musashino-shi 

Tokyo 180-0023 

Japan 

TEL: 81-422-31-4111 
FAX: 81-422-31-2050 


Korea 


Prochips Inc. 

#681-12 Gojan-Dong 
Namdong-Gu 

Inohou City 150073 
Korea 

TEL: 82-32-821-7100 
FAX: 82-32-822-0321 


Nasco Co., Lid. 
#345-30 Kasan-Dong 
Keumcheon-Gu 
Seoul 

Korea 

TEL: 82-2-868-4988 
FAX: 82-2-868-4984 


Plato Technology Co. 
61-3, Life Officetel #918 
Yoido-Dong ; 
Seoul 150-010 

Korea 

TEL: 82-2-785-4748 
FAX: 82-2-784-5879 


Hanil System 
#402-2, Yangjae-Dong 
Seocho-Gu 

Seoul 130-130 
Korea 

TEL: 82-2-579-3194 
FAX: 82-2-579-1208 


M & K Sang SA 

Room 516, Dong-A Bidg. 
14-2, Yoido-Dong 

Seoul 150-010 

Korea 

TEL: 82-2-785-1127 
FAX: 82-2-785-1129 


Daewon System 

7-201 Daelim Apt 64-20 
Bupyung 1-dong 
Bupyung Incheon 

Korea 

TEL: 82-32-503-4530 
FAX: 82-32-523-3527 
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ASIA/PACIFIC (continuea) Taiwan CANADA 

Malaysia aoa . 4 oe aa Alberta 

Excelpoint Systems LTD Ming Chuan E. Rd., Sec. 5 Future Electronics 

Penang Office Taipei 2015 32nd Avenue N.E., Unit 1 
Level 5 Hotel Equatorial Taiwan, R.O.C. Calgary AB T2E 623 

Bayan Lepas Penang 11900 TEL: 886-2-2791-5766 Canada 

Malaysia FAX: 886-2-2794-9070 TEL: 250-5550 

TEL: 604-641-3218 FAX: 291-7054 


FAX: 604-642-8218 


Excelpoint Systems LTD 
KL Office 

8th Floor Wisma Stephens 
Kuala Lumpur 55200 
Malaysia 

TEL: 603-244-8929 
FAX: 603-244-8926 


GoldenTechnology Corp. 

4F, #221, Chung Yang Road 
Nan Kang Dist. 

Taipei 

Taiwan, R.O.C. 

TEL: 886-2-2652-2255 
FAX: 886-2-2651-0589 


Infortech Co., Ltd. 


Web: http://www. future.ca/ 


Future Electronics 
6029-103rd Street N.E. 
Edmonton AB T6H 2H3 
Canada 

TEL: 438-5888 

FAX: 436-1874 

Web: _hitp:/Avww. future.ca/ 


6F-2, # 436, Fu Hsing N. Road British Columbia 
Gates Engineering Pte Ltd. Taipei 
Penang Office Taiwan, R.O.C. Arrow Semiconductor 
1-3-11, Persiaran Bukit Jambul 1 TEL: 886-2-2509-2734 8555 Commerce Ct 
Penang 11900 FAX: 886-2-2509-2736 Burnaby BC Von ane 
Malaysia Canada 
TEL: 604-646-2887 TEL: 421-2333 

FAX: 421-5030 


FAX: 604-646-2889 
Singapore 
Excelpoint Systems Ltd. 


Solomon Technology Corp. 
7F, #2, Lane 47, Sec. 3 
Nan Kang Road 


Web: http:/Awww.arrowsemi.com/ 


Bell Industries 


24 Kaki Bukit Crescent lesa ROC 4185 Still Creek Drive, Suite B201 
roan TechPark 1 416255 TEL: 886-2-2788-8989 jeallat BC V5C 6G9 

TEL: 65-741-8966 rae (Op evel ee-er TEL: 291-0044 

FAX: 65-741-8980 FAX: 291-9939 


Weikeng Ind. Co. Ltd. 


Web: _http:/Avww. bellind.com/ 


2F, # 34, Sec.1 
Gates Engineering Pte. Ltd. ; 
1123 Serangoon Road dill cuaas eet enue Future Electronics 
#03-01 UMW Building 328207 ip 3689 East 1st Avenue, Suite 200 
Taiwan, R.O.C. 


Singapore 


TEL: 886-2-26590202 


Vancouver BC V5M 1C2 


TEL: 65-299-9937 Canada 
FAX: 65-299-7636 Bie I nae TEL: 294-1166 
FAX: 294-1206 


Wing Footed Enterprise Co., Ltd. 


Web: _hitp:/Awww. future.ca/ 


QF-4, 238, 

caine dies Noni need Pioneer-Standard Electronics 
Bae a Ke 10711 Combie Road, Suite 170 
TEL: 886-4-230-5023 er eey 

FAX: 886-4-238-6124 a ese 

Thailand FAX: 565-5575 


Electronics Source Co., Ltd. 


Web: _http:/Avwww.pios.com/ 


Wangburapapirom Pranakorn ; 
Bangkok 10200 Future Electronics 
Thailand 106 King Edward 
TEL: 662-884-9210 pellet Mens 
FAX: 662-884-9213 TEL: 944-1446 

FAX: 783-8133 


Gates Engineering Pte Ltd 
184 Forum Tower 25th Floor 
Rachadapisek Road 

Huay Kwang Bangkok 10320 
Thailand 

TEL: 662-645-3679/80 
FAX: 662-645-3681 


Web: _http:/Awww.future.ca/ 
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CANADA (continuea) 


Ontario 


Arrow Semiconductor . 

36 Antares Drive, Unit 100 
Nepean ON K2E 7W5 

Canada 

TEL: 905 226-6903 

FAX: 905 722-2018 

Web: _http:/Avww.arrowsemi.com/ 


Arrow Semiconductor 

1093 Meyerside Dr., Unit 2 
Mississauga ON L5T 1M4 

Canada 

TEL: 905 670-7769 

FAX: 905 670-7781 

Web: _http:/Avww.arrowsemi.com/ 


Bell industries 

2738 Thamesgate Drive 
Mississauga ON L4T 1G5 
Canada 

TEL: 905 678-0958 

FAX: 905 678-1213 

Web: _http:/Awww.bellind.com/ 


Future Electronics 

1102 Prince of Whales Drive, Suite 210 
Ottawa ON K2C 3W7 

Canada 

TEL: 613 727-1800 

FAX: 613 727-9819 

Web: _http:/Avww.future.ca/ 


Future Electronics 

5935 Airport Road, Suite 200 
Mississauga ON L4V 1W5 
Canada 

TEL: 905 612-9200 

FAX: 905 612-9185 

Web: _http:/Awww.future.ca/ 


Pioneer-Standard Electronics 
3415 American Drive 
Mississauga ON L4V 1T4 
Canada 

TEL: 905 405-8300 

FAX: 905 405-6423 

Web: _http:/Avww.pios.com/ 


Pioneer-Standard Electronics . 
148 York Street, Suite 209 
London ON N6A 1A9 

Canada 

TEL: 519 672-4666 

FAX: 519 672-3528 

Web: http:/Avww.pios.com/ 


Pioneer-Standard Electronics 
223 Colonnade Road, Suite 112 
Nepean ON K2E 7K3 

Canada 

TEL: 613 226-8840 

FAX: 613 226-6352 

Web: _http:/Avww.pios.com/ 


Quebec 


Arrow Semiconductor 

1255 Transcanada Highway, Suite 100 
Dorval, Quebec H9P 2V4 

Canada 

TEL: 514 421-7411 

FAX: 514 421-7430 

Web: _http:/Awww.arrowsemi.com/ 


Bell Industries 

6600 Trans Canada Highway, Suite 145 
Pointe Claire, Quebec HOR 4S2 
Canada 

TEL: 514 426-5900 

FAX: 514 426-5836 

Web: _http:/Awww.bellind.com/ 


Future Electronics Corp. 

237 Hymus Boulevard 

Pointe Claire, Quebec H9R 5C7 
Canada 

TEL: 514694-7710 

FAX: 514 695-3707 

Web: http://www. future.ca/ 


Future Electronics/Branch 
1000, Ave. St. Jean Baptiste 
Suite 201 

Quebec City, G2E 5G5 
Canada 

TEL: 418 877-6666 

FAX: 418 877-6671 — 
Web: _http:/Awww.future.com 


Pioneer-Standard Electronics 
2954 Blvd. Laurier, Suite 100 
Ste-Foy, Quebec G1V 4T2 
Canada 

TEL: 418654-1077 

FAX: 418 654-2958 

Web: _http:/Awww.pios.com/ 


Picneer-Standard Electronics 

520 McCaffrey Street 

Ville St. Laurent, Quebec H4T 1N1 
Canada 

TEL: 514 737-9700 

FAX: 514 737-5212 

Web: _http://Awww.pios.com/ 


Future Electronics 

1000, St. Charles 
Vaudreuil, Quebec J7V 8PS 
TEL: 514 457-3513 

FAX: 514 457-4847 


EUROPE 


Austria 


Avnet EMG GmbH 
Waidhausenstrasse 19 
A-1140 Wien 

Austria : 
TEL: 43-1911-28-47 
FAX: 43-1911-38-53 


Metronik Austria 
Diefenbachgasse 35 
A-1150 Wien 

Austria 

TEL: 43-1-8915252 
FAX: 43-1-8915250 
Email: pracko@met.memec.com 
Belgium 

Acal Betea 

Lozenberg 4 

B-1932 Zaventem 
Belgium 

TEL: 32-2-720-59-83 
FAX: 32-2-725-10-14 
Web: _http:/Avww.acal.be 


Future Benelux 
Trinstraat 3 

4823AA Breda 
Netherlands 

TEL: 31-765-444-888 
FAX: 31-765-444-880 


SEI Belg. 

Office Belgium 

Limburg Stirum 243, B-2 
B-1780 Wemmel 
Belgium 

TEL: 2-4560747 

FAX: 2-4600271 


Bulgaria 

Comet Elecironics 

Head Office 

54, Scobelev Bivd., 1 

1606 Sofia 

Bulgaria 

TEL: 359-2-9515866 

FAX: 359-2-9540384 
Email: comet@sof.omega.bg 


Czech Republic 


GM Electronics Czech 
Karlinske nam. 6, 

186 00 Prague 8 
Czech Republic 

TEL: 420-2-2322606 
FAX: 420-2-2321194 
Email: gm @gme.cz 
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EUROPE (Continued) 


Denmark 


Arrow Denmark 
Smedeholm 13A 
DK-2740 Herlev 
Denmark 

TEL: 45-44-50-82-00 
FAX: 45-44-50-82-03 


Finland 


Germany 


Avnet EMG GmbH 
Stahigruberring 12 
D-81829 Muenchen 
Germany 

TEL: 49-89-4-5110-142 
FAX: 49-89-4-5110-210 


Future Electronics Deutschland GmbH 
Muenchner Strasse 18 


Hungary 


Chipcad Electronics Distribution, Ltd. 


Dolmany u. 12 

Hungary 

H-1131 Budapest 

TEL: 361-270-7680 

FAX: 361-270-7699 

Email: info@chipcad.hu 
Web: _http://www.chipcad. hu 


Arrow Finland D-85774 Unterfoehring Future Electronics Ltd. 

Tyopajakatu 5 Germany Burok Utca 34 

Box 25 TEL: 49-89-95727-0 H-1124 Budapest 

FIN-00581 Helsinki FAX: 49-89-95727-140 Hungary 

Finland Web: _http:/Avww. future.ca/ TEL: 36-122-40-510 

TEL: 358-9-47-6660 FAX: 36-122-40-511 

FAX: 358-9-47666356 Metronik GmbH Ireland 
Leonhardsweg 2 ; 

Memec Finland Oy D-82008 Unterhaching Top Tech Solutions Ltd. 

Kauppakaarre 1 Germany 124 Orby Drive 

FIN 00700 Helsinki TEL: 49-89-61108-0 seat BTS 6BB 


Finland 

TEL: 358-9-3508-880 

FAX: 358-9-3508-8828 

Web: _http://Awww.mef.memec.com 


France 


Future France 
Parc Technopolis LP 854 


FAX: 49-89-61108-110 


Rutronik RSC-Halbieiter GmbH 
Industriestrasse 2 

D-75228 Ispringen/Pforzheim 
Germany 

TEL: 49-7231-8010 

FAX: 49-721-82282 


TEL: 44-1232-704985 
FAX: 44-1232-792563 


israel 


Elina Electronics Ltd. 

14 Raoul Wallenberg St. 
P.O. Box 13190 

Tel Aviv 61131 


Les Ulis 

Israel 
sae 91974 ae W. Roeck GmbH uae ee 
TEC Go-60-Ge-tlr11 D-79790 Kuessaberg Email; elina_e@netvision.net.i 
FAX: 33-1-69-82-11-00 Germany = — 
Web: _http:/Awww.future.ca/ TEL: 49-7742-8001-0 Italy 

FAX: 49-7742-6901 Claitron Spa 

Mecodis Viale Fulvio Testi, 2 
Parc d’Activites Greece Soisewiiana. me 
3 Allee des Erables P. Caritato & Associates SA Italy 
Cedex llia Itiou 31 TEL: 39-2-661491 
France Athens 11743 FAX: 39-2-66105666 
TEL: 33-1-43-99-44-00 Greece 


FAX: 33-1-43-99-98-28 


TEL: 30-1-9020115 
FAX: 30-1-9017024 


Future Electronics SRL 
Vis Fosse Ardeatine, 4 


MULTicomposants Email: pca@caritato.ath.forthnet.gr 20092 Cinisello Balsamo 
12 rue du Lyon Milano 

Silic 585 Italy 

94663 Rungis Cedex TEL: 39-2-66-0961 
France FAX: 39-2-660-8126 


TEL: 33-1-49-78-49-00 
FAX: 33-1-49-78-06-99 


Web: http://www. future.ca/ 


intesi SPA 
Rutronik Dimacel Composants Viale Fulvio Testi, 280 
63, Rue Jean Jaures 20126 Milano 
BP 116 Italy 
95874 Bezons Cedex | TEL: 39-2-661 791 
France FAX: 39-2-6435825 
TEL: 933-1-34-23-70-00 
FAX: 31-1-30-76-31-97 Kevin SRL 
Email: gjamet@dimacel,com Via Venezia Giulia, 10 
20157 Milano 
Italy 


TEL: 939-2-33200914 
FAX: 39-2-33200917 
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EUROPE (Continued) 


Latvia 


Ormix Ltd. 
Kr. Barona 136 
LV-1012 


TEL: 371-2292839 
FAX: 371-2292823 


Netherlands 


Acal Auriema 

Beatrix de Rijkweg 8 
NL-5657 EG Eindhoven 
Netherlands 

TEL: 931-40-2-502-602 
FAX: 31-40-2-510-255 
Web: _http:/Awww.acal.be 


Future Benelux 
Trinstraat 3 

4823AA Breda 
Netherlands 

TEL: 31-765-444-888 
FAX: 31-765-444-880 


SEI Benelux 

SEI Building 

Takkebijsters 2, NL-4817 BI Breda 
P.O. Box 6824 

NL-4802 HV Breda 

Netherlands 

TEL: 931-76-572-2333 

FAX: 31-76-572-2395 

Email: Sales @ Sonetech.N 


Norway 


Berendsen Components AS 
P.O. Box 9376 Groniund 


TEL: 47-22-088500 
FAX: 47-22-088590 


Poland 


Future Electronics Poland 
UI. Panienska 9 

03-704 Warsaw 

Poland 

TEL: 48-226-189-202 
FAX: 48-226-188-050 


Gamma Poland 

ul. Sady Zoliborskie 13A 
PL-01-772 Warsaw 
Poland 

TEL: 48-22-6638376 
FAX: 48-22-6639887 


Portugal 


Digicontrole 
Dpt Comercial 


Av. Eng. Arantes e Oliveira 5-2 


1900 LISBOA 

Portugal 
TEL: 951-1-840-57-30 
FAX: 351-1-849-03-73 
Email: digicontrole@ mail.pt 


Gamma SPb 

P.O. Box 38 

St. Petersburg 197348 
Russia 

TEL: 7-812-325-5115 
FAX: 7-812-325-5114 


Slovakia 


GM Electronics 
Budovatelska 27 

821-08 Bratislava 
Slovakia 

TEL: 421-7-52-60-439 
FAX: 421-7-52-60-120 
Spain 

Sagitron 

Corazon de Maria 80/82 
28002 Madrid 

Spain 

TEL: 34-1-416-92-61 
FAX: 34-1-413-5848 


Sweden 


Memec Scandinavia AB 
Sehistedsgatan 6 

115 28 Stockhoim 
Sweden 

TEL: 46-8-459-79-00 
FAX: 46-8-459-79-99 


Switzerland 


Avnet EMG GMBH 
Boehnirainstr. 
Postfach 1575 
CH-8801 Thalwil 
Switzerland 

TEL: 41-1722-13-30 
FAX: 41-1722-13-40 


Rutronik AG 
Brandschenkestr. 178 
CH-8027 Zurich 
Switzerland 

TEL: 41-1-209-6030 
FAX: 41-1-209-6035 


Semitron W. Roeck & Co. 
Promenadenstr.6 
CH-5330 Zurzach 
Switzerland 

TEL: 41-56-269-60-40 
FAX: 41-56-249-3569 


Turkey 


Inter Muehendislik 

Ve Ticaret A.S. 1 
Hasircibasi Caddesi No. 55 
Istanbul 

Turkey 

TEL: 90-216-349-9400 
FAX: 90-216--349-9431 
Email: halimoz@ibm.net 


United Kingdom 


Arrow-Jermyn 

St. Martins Business Centre 
Cambridge Road 

Bedford MK42 OLF 
England . 

TEL: 44-1234-270027 
FAX: 44-1234-791549 


Electronic Services Distribution Ltd. 
Edinburgh Way 

Harlow 

Essex CM20 2DF 

England 

TEL: 44-1279-441144 

FAX: 44-1279-443417 


Eurodis HB Electronics Ltd 
Lever Street 

Bolton 

Lancashire BL3 6BJ 
England 

TEL: 44-1204-555000 
FAX: 44-1204-384911 


FEC 

Sales, Marketing & Admin Center 
Canal Road 

West Yorkshire LS12 2TU 
England 

TEL: 44-1132-790101 

FAX: 44-1132-633404 


Future Electronics Ltd. 
Future House 

Poyle Road, Colnbrook 
Berks SL3 0EZ 

England 

TEL: 44-1753-763000 
FAX: 44-1753-689100 
Web: _http:/Awww. future.ca/ 


Solid State Supplies Pic.. 
Unit 2 
Eastlands Lane 

Kent TN12 6BU 

England 

TEL: 44-1892-836836 
FAX: 44-1892-837837 
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MEXICO > SOUTH AMERICA UNITED STATES 
Guadalajara All Others Countries Except Alabama 

Electronica Seta, S.A. deC.V. Brazil Arrow Semiconductor 
Santa Mario No. 100 lbars Electronics Corp 4930-G Corporate Drive 
Col. Capalita 10020 N.W. 6th CT Huntsville AL 35805 
Zapopan, Jalisco CP45000 Pembroke Pines FL 33024 USA 


Mexico 
TEL: 523-121-0338 
FAX: 523-121-0338 


Future Electronics de Mexico, 
S.A. de C.V. 

Chimalhuacan 3569 

6o Piso, Suite 2, Ciudad Del Sol 
Zapopan, Jalisco CP45050 
Mexico 

TEL: 523-122-0043 

FAX: 523-122-1066 

Web: http://www. future.ca/ 


LaLoma 

Electronica Seta, S.A. de C.V. 
Galena 114, 20. Piso 

La Loma Tlalnepantia CP 54060 
Mexico 

TEL: 525-390-7713 

FAX: 525-390-9468 





USA 
TEL: 954 430-3740 
FAX: 954 430-3763 


Brazil 


Future Electronics Brazil 

R. Luzitana, 740 - cj103/104 
Centro-Campinas 

13015 -121-SP 

Brazil 

TEL: 55-19-235-1511 

FAX: 55-19-236-9834 

Email: futurebr@nutecnet.com.br 
Web: _http:/Awww.future.ca/ 


Hitech El. Indi. Coml. Ltda. 
Rua Branco de Moreas, 489 
04718-010-Chac. Sto. Antonio 
Sao Paulo SP 

Brazil 

TEL: 55-11-5188-4130 

FAX: 55-11-5188-4191 


TEL: 205 864-3300 
FAX: 205 864-3349 


Bell Industries 

8215 Highway 20 W, Suite 140 
Madison AL 35758 

USA 

TEL: 205 464-8646 

FAX: 205 464-8655 

Web: _http:/Awww.bellind.com/ 


Future Electronics 

6767 Old Madison Place 
Huntsville AL 35806 

USA 

TEL: 205971-2010 

FAX: 205 922-0004 

Web: http://www. future.ca/ 


Pioneer-Standard Electronics 
4835 University Square, Suite 5 
Huntsville AL 35816 

USA 

TEL: 205 837-9300 

FAX: 205 837-9358 

Web: _http://www.pios.com/ 


Arizona 


Arrow Semiconductor 

1406 West 14th Street, Suite 101 
Tempe AZ 85281-6909 

USA 

TEL: 602 966-6600 

FAX: 602 966-4826 


Web: _http://www.arrowsemi.com/ 


Bell Industries 


7025 E. Greenway Parkway, Suite 500. 


Scottsdale AZ 85254 

USA 

TEL: 602 905-2355 

FAX: 602 905-2356 

Web: _http://www.bellind.com/ 


Future Electronics 


4636 E. University Drive, Suite 245 


Tempe AZ 85034 

USA 

TEL: 602 968-7140 

FAX: 602 965-0334 

Web: _http://www.future.ca/ 


Pioneer-Standard Electronics 


4908 East McDowell Rd., Suite 103 


Phoenix AZ 85008 

USA 

TEL: 602 231-6400 

FAX: 602 231-8877 

Web: _http:/Avww.pios.com/ 
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UNITED STATES (continuea) 


California 


Northern California 
Rocklin 


Arrow Semiconductor 

580 Menlo Drive, Suite 8 

Rocklin CA 95765-3706 

USA 

TEL: 916 624-9744 

FAX: 916 624-9750 

Web: _http:/Avww.arrowsemi.com/ 


Roseville 

Bell Industries 

3001 Douglas Bivd., Suite 205 
Roseville CA 95661 

USA 

TEL: 916 781-8070 

FAX: 916 781-2954 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

755 Sunrise Avenue, Suite 150 
Roseville CA 95661 

USA 

TEL: 916 783-7877 

FAX: 916 783-7988 

Web: _http:/Avww.future.ca/ 


San Jose 

Arrow Electronics 

1350 McCandless Drive 
Milpitas CA 95035 

USA 

TEL: 408 935-4619 
FAX: 408 935-4688 


Arrow Semiconductor 

Malibu Canyon Business Park 
26677 West Agoura Road 
Calabasas CA 91302-1959 

USA 

TEL: 818 880-9686 

FAX: 818 880-4687 

Web: _http:/Avww.arrowsemi.com/ 


Arrow Semiconductor 

1680 McCandless Drive 

Building 3 

Milpitas CA 95035-8000 

USA 

TEL: 408 453-1200 

FAX: 408 441-4504 

Web: _http:/Avww.arrowsemi.com/ 


Beil Industries 

1161 N. Fairoaks Avenue 
Sunnyvale CA 94089 

USA . 

TEL: 408 7734-8570 

FAX: 408 734-8875 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

2220 O’ Toole Avenue 

San Jose CA 95131 

USA 

TEL: 408 434-1122 

FAX: 408 433-0822 

Web:  hitp://jwww.fuiure.ca/ 


Pioneer-Standard Electronics 
333 River Oaks Parkway 
San Jose CA 95134 

USA 

TEL: 408 954-9100 

FAX: 408 954-9113 

Web: _http:/Avww.pios.com/ 


Southern California 


irvine 

Arrow Semiconductor 

6 Cronwell Street, Suite 100 
Irvine CA 92618-1816 

USA 

TEL: 714 768-4444 

FAX: 714 768-6456 

Web: http://www. arrowsemi.com 


Beil Industries 

220 Technology Drive, #100 
Irvine CA 92718 

USA 

TEL: 714 727-4500 

FAX: 714 453-4610 

Web: _http:/Avwww.bellind.com/ 


Future Electronics 

25B Technology Way, Suite 200 
Irvine CA 92618 

USA 

TEL: 714 453-1515 

FAX: 714 453-1226 

Web: http://www. future.ca/ 


Pioneer-Standard Electronics 
217 Technology Drive, #110 
Irvine CA 92618 

USA 

TEL: 714 753-5090 

FAX: 714 753-5074 

Web: http://www. pios.com/ 


Los Angeles Area 

Beil Industries 

125 Auburn Court, Suite 110 
Westlake Village CA 91362 
USA 

TEL: 805 373-5600 

FAX: 805 496-7340 

Web: _http:/Awww.bellind.com/ 


Bell Industries (Corporate Headquarters) 
2201 East El Segundo Blvd, Suite 300 


E! Segundo CA 90245 

USA 

TEL: 805 563-2355 

FAX: 805 563-2508 

Web: _http:/Avww.bellind.com/ 


Los Angeles Area (continued) 
Future Electronics 

27489 West Agoura Road, Suite 300 
Agoura Hills CA 91301 

USA 

TEL: 818 865-0040 

FAX: 818 865-1340 

Web: _http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
5126 Clareton Drive, Suite 100 
Agoura Hills CA 91301 

USA 

TEL: 818 865-5800 

FAX: 818 865-5814 

Web: _http:/Avww.pios.com/ 


San Diego 

Aegis Electronic Group, Inc 
1015 Chestnut Avenue, Suite G2 
Carlsbad CA 92008 

USA 

TEL: 619 729-2026 

FAX: 619 729-9295 - 


Arrow Semiconductor 

9511 Ridghaven Ct — 

San Diego CA 92123-1688 

USA 

TEL: 619 565-4800 

FAX: 619 279-0862 

Web: _http:/Avww.arrowsemi.com/ 


Bell Industries 

6835 Flanders Drive, Suite 300 
San Diego CA 92121 

USA 

TEL: 619 457-7545 

FAX: 619 457-9750 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

6256 Greenwich Drive, Suite 200 
San Diego CA 92122 

USA 

TEL: 619 625-2800 (800-649-5020) 
FAX: 619 625-2810 

Web: _http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
9449 Balboa Avenue, Suite 114 
San Diego CA 92123 

USA 

TEL: 619 514-7700 

FAX: 619 514-7799 

Web: _http:/Avww.pios.com/ 
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UNITED STATES (Continueg) 


Colorado 


Arrow Semiconductor 

373 Inverness Drive South 
Englewood CO 80112-5816 

USA - 

TEL: 303 799-0258 

FAX: 303.799-0730 

Web: _http://www.arrowsemi.com/ 


Beil Industries 

9351 Grant Street, Suite 460 
Thornton CO 80229 

USA 

TEL: 9303 280-1115 

FAX: 303 280-0005 

Web: http://www. beilind.com/ 


Future Electronics 

12600 W. Colfax Avenue, Suite B110 
Lakewood CO 80215 

USA 

TEL: 303 232-2008 

FAX: 303 232-2009 

Web: http://www. future.ca/ 


Pioneer-Standard Electronics 

5600 Greenwood Plaza Blvd., Suite 201 
Englewood CO 80111 

USA 

TEL: 303 773-8090 

FAX: 303 773-8194 

Web: _http://www.pios.com/ 


Connecticut 


Arrow Semiconductor 

860 North Main Street Ext 
Wallingford CT 06492-2419 

USA 

TEL: 203 265-7741 

FAX: 203 265-7988 

Web: http://www. arrowsemi.com/ 


Bell industries 

326 West Main Street 

Milford CT 06460-0418 

USA 

TEL: 203 878-5538 

FAX: 203 878-6970 

Web: http://www. bellind.com/ 


Future Electronics 

700 W. Johnson Avenue 
Westgate Office Center 
Chesire CT 06410 

USA 

TEL: 203 250-0083 

FAX: 203 250-0081 

Web: http://www. future.ca/ 
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Pioneer-Standard Electronics 
Two Trap Falls, #101 

Shelton CT 06484 

USA 

TEL: 203 929-5600 

FAX: 203 929-9791 

Web: _http:/Avww.pios.com/ 


Florida 


Altamonte Springs 

Bell Industries 

650 South Northlake Blvd., #400 
Altamonte Springs FL 32701 
USA 

TEL: 407 339-0078 

FAX: 407 339-0139 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

237 S. Westmonte Drive, Suite 307 
Altamonte Springs FL 32714 

USA 

TEL: 407 865-7900 

FAX: 407 865-7660 

Web: _http:/Avww.future.ca/ 


Pioneer-Standard Electronics 

337 South-North Lake, Suite 1000 
Altamonte Springs FL 32701 

USA 

TEL: 407 834-9090 

FAX: 407 834-0865 

Web: _http:/Avww.pios.com/ 


Deerfield Beach 

Arrow Semiconductor 

400 Fairway Drive, Suite 101-104A 
Deerfield Beach FL 33441-1884 
USA 

TEL: 954 429-8200 

FAX: 954 428-3991 

Web: _http:/Avww.arrowsemi.com/ 


Future Electronics 

1400 E. Newport Center Drive, Suite 200 
Deerfield Beach FL 33442 

USA 

TEL: 954 426-4043 

FAX: 954 426-3939 

Web: _http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
674 S. Military Trail 

Deerfield Beach FL 33442 
USA 

TEL: 954 428-8877 

FAX: 954 481-2950 

Web: | http:/Avww.pios.com/ 


Largo 

Future Electronics 

2200 Tall Pines Drive, Suite 108 
Largo FL 33771 

USA 

TEL: 813 530-1222 

FAX: 813 538-9598 

Web: _http:/Avww.future.ca/ 


Lake Mary 

Arrow Semiconductor 

37 Skyline Drive, Suite 3101 
Lake Mary FL 32746 


USA 
TEL: 407333-9300 
FAX: 333-9320 


Web: http://www. arrowsemi.com/ 


Georgia 


Arrow Semiconductor 

4250 East River Green Parkway, Suite E 
Duluth GA 30096 

USA 

TEL: 770 497-1300 

FAX: 770 476-1493 

Web: http://www. arrowsemi.com/ 


Bell Industries 

3000 Northwoods Parkway, Suite 115 
Norcross GA 30071 

USA 

TEL: 770 446-9777 

FAX: 770 446-1186 

Web: _http://www.bellind.com/ 


Future Electronics 

3150 Holcomb Bridge Road, Suite 130 
Norcross GA 30071 

USA 

TEL: 770 441-7676 

FAX: 770 441-7580 

Web: _ http://www. future.ca/ 


Pioneer-Standard Electronics 
4250 C Rivergreen Pkwy. 
Duluth GA 30136 

USA 

TEL: 770623-1003 

FAX: 770 623-0665 

Web: http://www. pios.com/ 


llinois 


Arrow Semiconductor 

1166 Springlake Drive 

Itasca IL 60143-2062 

USA 

TEL: 847 250-0500 

FAX: 847 250-0916 

Web: _http://www.arrowsemi.com/ 


Beil Industries 

175 West Central Road 
Schaumburg IL 60195 

USA 

TEL: 630 202-6400 

FAX: 630 202-5849 

Web: http://www. bellind.com/ 


Future Electronics 

3100 W. Higgins Road, Suite 100 
Hoffman Estates !L 60195 

USA 

TEL: 847 882-1255 

FAX: 847 490-9290 

Web: _ http://www. future.ca/ 
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UNITED STATES (Continued) 


indiana 


Fort Wayne 
Pioneer-Standard Electronics 
237 Airport N. Office Park 
Fort Wayne IN 46625 

USA 

TEL: 219 489-0283 

FAX: 219 489-6262 

Web: _http:/Avww.pios.com/ 


Indianapolis 

Arrow Semiconductor 

7108 Lakeview Parkway West Drive 
Indianapolis IN 46268-4104 

USA 

TEL: 317 299-2071 

FAX: 317 299-2379 

Web: _http:/Avww.arrowsemi.com/ 


Bell Industries 

6982 Hilldale Court 
Indianapolis IN 46250-2040 
USA 

TEL: 317 842-4244 

FAX: 317 570-1344 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

8425 Woodfield Crossing 
Suite 175 

Indianapolis IN 46240 

USA 

TEL: 317 469-0477 

FAX: 317 469-0448 

Web: _http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
9350 N. Priority Way W. Dr. 
Indianapolis IN 46240 

USA 

TEL: 317 573-0880 

FAX: 317 573-0979 

Web: _http:/Avww.pios.com/ 


Kansas 


Arrow Semiconductor 

9801 Legler Road 

Lenexa KS 66219-1286 

USA 

TEL: 913 541-9542 

FAX: 913 752-2612 
Web: _http:/Avww.arrowsemi.com/ 


Bell Industries 

6400 Glenwood 

Overland Park KS 66202-4021 
USA 

TEL: 913 236-8800 

FAX: 913 384-6825 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

10977 Granada Lane, Suite 210 
Overland Park KS 66211 

USA 

TEL: 913 498-1531. 

FAX: 913 498-1786 

Web: nittp:/Avwww. future.ca/ 


Maryland 


Arrow Semiconductor 

9800J Patuxent Woods Drive 
Columbia MD 21046-1561 

USA 

TEL: 913 309-0686 

FAX: 913 309-0699 

Web: _http:/Awww.arrowsemi.com/ 


Bell Industries 

6460 Dobbin Road 

Columbia MD 21045-5813 
USA 

TEL: 913 730-6119 

FAX: 913 730-8940 

Web: _http:/Awww. bellind.com/ 


Future Electronics 

6716 Alexander Bell Drive 
Suite 101 

Columbia MD 21046 

USA 

TEL: 913 290-0600 

FAX: 913 290-0328 

Web: _http:/Awww. future.ca/ 


Pioneer-Standard Electronics 
9100 Gaither Rd. 
Gaithersburg MD 20877 
USA 

TEL: 913 921-0660 

FAX: 913670-0304 

Web: _http:/Awww.pios.com/ 


Massachusetts 


Arrow Semiconductor — 

25 Upton Drive 

Wilmington MA 01887-1073 

USA 

TEL: 508 658-0900 

FAX: 508 694-1754 

Web: _http://www.arrowsemi.com/ 


Bell industries 

187 Ballardvale Street 
Wilmington MA 01887-1046 
USA 

TEL: 508 657-5900 

FAX: 508 658-7989 

Web: _http:/Avww.bellind.com/ 


Bell industries 

100 Burrt Road, #G-01 
Andover MA 01810 

USA 

TEL: 508 623-3200 

FAX: 508 474-8902 

Web: _http://www.bellind.com/ 


Future Electronics 

41 Main Street 

Bolton MA 01740 

USA 

TEL: 978 779-3000 

FAX: 978 779-3050 

Web:  hittp:/Avww.future.ca/ 


Pioneer-Standard Electronics 
44 Hartwell Avenue 
Lexington MA 02173 

USA 

TEL: 508 861-9200 

FAX: 508 863-1547 

Web: _http:/Avww.pios.com/ 


Michigan 


Grand Rapids 

Future Electronics 

4505 Broadmoor S.E. 
Grand Rapids MI 49512 
USA 

TEL: 616 698-6800 

FAX: 616 698-6821 

Web: http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
4467 Byron Ctr. Rd. SW 
Grand Rapids MI 49509 
USA 

TEL: 616 534-3145 

FAX: 616 534-3922 

Web: _http:/Avww.pios.com/ 


Detroit 

Arrow Semiconductor 

44720 Helm Street 

Plymouth MI 48170-6019 

USA 

TEL: 9313 455-0850 

FAX: 313 734-6656 

Web: _http:/Avww.arrowsemi.com/ 


Future Eiectronics 

35200 Schoolcraft Road, Suite 106 
Livonia Mi 48150 

USA 

TEL: 313 261-5270 

FAX: 313 261-8175 

Web: _http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
44190 Plymouth Oaks Drive 
Plymouth MI 48170 

USA 

TEL: 313 416-2157 

FAX: 313 416-2415 

Web: _http:/Avww.pios.com/ 
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UNITED STATES (continueg) 


Minnesota 


Bloomington 

Bell Industries 

9401 James Avenue South, #142 
Bloomington MN 55431 

USA 

TEL: 612 888-7747 

FAX: 612 888-7757 

Web: _http://Awww.bellind.com/ 


Eden Prarie 

Arrow Semiconductor 

7690 Golden Triangle Drive 

Eden Prarie MN 55344-3732 

USA 

TEL: 612 944-5454 

FAX: 612 944-3045 

Web: _shttp://www.arrowsemi.com/ 


Future Electronics 

10025 Valley View Road, Suite 196 
Eden Prairie MN 55344 

USA 

TEL: 612 944-2200 

FAX: 612 944-2520 

Web: http://www. future.ca/ 


Pioneer-Standard Electronics 
7625 Golden Triangle 

Eden Prairie MN 55344 

USA 

TEL: 612 944-3355 

FAX: 612 944-3794 

Web: _http:/Avww.pios.com/ 


Thief River Falls 

Digi-Key Corporation 

P.O. Box 677 

701 Brooks Avenue South 
Thief River Falls MN 56701 
USA 

TEL: 218681-6674 
FAX: 218 681-3380 


Missouri 


Future Electronics 

12125 Woodcrest Executive Drive 
Suite 220 

St. Louis MO 63141 

TEL: 314 469-6805 

FAX: 314 469-7226 


Pioneer-Standard Electronics 
4227 Earth City Express Way 
Earth City MO 63045 
TEL: 800 344-5218 
FAX: 314 209-3054 
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New Jersey 


Northern 

Arrow Semiconductor > 

26 Chapin Road, Unit 1112 

Pine Brook NJ 07058-4416 

USA 

TEL: 201 227-7960 

FAX: 201 227-9246 

Web: _http:/Avww.arrowsemi.com/ 


Bell Industries 

271 Route 46 West, Bidg. F202 
Fairfield NJ 07004 

USA 

TEL: 201 227-6060 

FAX: 201 227-2626 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

1259 Route 46 East 
Parsippany NJ 07054 

USA 

TEL: 201 299-0400 

FAX: 201 299-1377 

Web: _http:/Avww.future.ca/ 


Phase 1 Technology Corp. 
295 Molnar Drive 
Elmwood Park NJ 07407 
USA 

TEL: 201 791-2990 
FAX: 201 791-2552 


Pioneer-Standard Electronics 
14A Madison Road 

Fairfield NJ 07006 

USA 

TEL: 201 575-3510 

FAX: 201 575-3454 

Web: _http:/Avww.pios.com/ 


Southern 

Arrow Semiconductor 

4 East Stow Road, Unit 11 

Marlton NJ 08053-3152 

USA 

TEL: 609 596-8000 

FAX: 609 596-9632 

Web: _http:/Avwww.arrowsemi.com/ 


Beil Industries 

158 Gaither Drive, Suite 110 
Mt. Laurel NJ 08054 

USA 

TEL: 609 439-8860 

FAX: 609 439-9009 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

12 East Stow Road, Suite 200 
Marlton NJ 08053 

USA 

TEL: 609 596-4080 

FAX: 609 596-4266 

Web: _http:/Avww.future.ca/ 


Phase 1 Technology Corp. 
560 Fellowship Road, Suite 205 
Mt. Laurel NJ 08054 


USA 
TEL: 
FAX: 


609 234-3232 
609 234-5012 


New York 


Binghamton 
Pioneer-Standard Electronics 
1249 Front Street, Suite 201 
Binghamton NY 13901 


USA 
TEL: 
FAX: 


Web: 


607 722-9300 
607 722-9562 
http:/Awww. pios.com/ 


Long Island 

Arrow Semiconductor 

47 Mall Drive 

Commack NY 11725-5717 


USA 
TEL: 
FAX: 


Web: 


516 864-6600 
516 493-2244 
http:/Awww.arrowsemi.com/ 


Future Electronics 
801 Motor Parkway 
Hauppauge NY 11788 


USA 
TEL: 
FAX: 


Web: 


516 234-4000 
516 234-6183 
http://www. future.ca/ 


Phase 1 Technology Corp. 
46 Jefryne Bivd. : 
Deer Park NY 11729 


USA 
TEL: 
FAX: 


516 254-2600 
516 254-2693 


Upstate New York 

Arrow Semiconductor 

3375 Brighton-Henrietta Townline Rd. 
Rochester NY 14623-2898 


USA 
TEL: 
FAX: 


Web: 


716 427-0300 
716 427-0735 
http://www. arrowsemi.com/ 


Bell Industries 
1170 Pittsford Victor Road 
Pittsford NY 14534-3807 


USA 
TEL: 
FAX: 


Web: 


716 381-9700 
716 381-9495 
http:/Avww. bellind.com/ 


Bell Industries 
77 Schmitt Blvd. 
Farmingdale NY 11735-1410 


USA 
TEL: 


FAX: 
Web: 


716 420-9800 
716 752-9870 
http:/Awww.bellind.com/ 
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UNITED STATES (continueg) 


Upstate New York (continued) 
Future Electronics 

200 Salina Meadows Parkway 
Suite 130 

Syracuse NY 13212 

USA 

TEL: 9315 451-2371 

FAX: 315 451-7258 

Web: _http:/Avww.future.ca/ 


Future Electronics 

300 Linden Oaks 

Rochester NY 14625 

USA 

TEL: 310 387-9550 

FAX: 315 387-9563 

Web: _http:/Avww. future.ca/ 


Pioneer-Standard Electronics 
Meridian Plaza Ill 

3125 Veterans Memorial Highway 
Ronkonkoma NY 11779 

USA 

TEL: 716 738-1700 

FAX: 716 738-1790 

Web: _http:/Avww.pios.com/ 


Pioneer-Standard Electronics 
1250 Pittsford/Victor Road 
Building 200 

Pittsford NY 14534 

USA 

TEL: 716 389-8200 

FAX: 716 389-8240 

Web: _http:/Avww.pios.com/ 


North Carolina 


Arrow Semiconductor 

5240 Greens Dairy Road 

Raleigh NC 27616-4600 

USA 

TEL: 919 876-3132 

FAX: 919 878-9517 

Web: _http:/Avww.arrowsemi.com/ 


Bell Industries 

3100 Smoketree Court 
Raleigh NC 27604 

USA 

TEL: 919 874-0011 

FAX: 919 874-0013 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

8401 University Executive Park 
Suite 108 

Charlotte NC 28262 

USA 

TEL: 919 547-1107 

FAX: 919 547-9650 

Web: _http:/Avww.future.ca/_ 


Future Electronics 

5225 Capital Bivd. 

1 North Commerce Center 
Raleigh NC 27604 

USA 

TEL: 919 790-7111 

FAX: $19 780-8782 

Web: _http:/Avwww. future.ca/ 


Pioneer-Standard Electronics, Inc. 
5510 Six Forks Road 

Raleigh NC 27609 

USA 

TEL: 919 845-5100 

FAX: 919 845-5055 

Web: _http://Awww.pios.com 


Ohio 


Cleveland 

Arrow Semiconductor 

6573 East Cochran Road 

Solon OH 441 39-3916 

USA 

TEL: 216248-3990 

FAX: 216 248-1106 

Web: http://www. arrowsemi.com/ 


Beil Industries 

6155 Rockside Road 
Cleveland OH 44131-2289 
USA 

TEL: 216447-1520 

FAX: 216 447-1761 

Web: _http:/Awww.bellind.com/ 


Future Electronics 

6009-E Landerhaven Drive 
Mayfield Heights OH 44124 
USA 

TEL: 216 449-6996 

FAX: 216 449-8987 

Web: http://www. future.ca/ 


Pioneer-Standard Electronics 
29125 Solon Road 

Solon OH 44139 

USA 

TEL: 216 248-8710 

FAX: 216 248-9166 

Web: _http:/Awww.pios.com/ 


Pioneer-Standard Electronics 
4800 East 131st Street 
Cleveland OH 44105 

USA 

TEL: 216 498-6305 

FAX: 216 587-3906 

Web: _http:/Avww.pios.com/ 


Dayton 

Arrow Semiconductor | 
8200 Washington Village Drive, Suite A 
Centerville OH 45458-1877 

USA 

TEL: 513 435-5563 

FAX: 513 435-2049 

Web: _http:/Avww.arrowsemi.com/ 


Bell industries 

446 Windsor Park Drive 
Dayton OH 45459 

USA 

TEL: 513 434-8231 

FAX: 513 434-8103 

Web: _http:/Avww.beilind.com/ 


Future Electronics 

1430 Oak Court, Suite 203 
Beavercreek OH 45430 
USA 

TEL: 513 426-0090 

FAX: 513 426-8490 

Web: = http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
8741 Gander Creek Drive 
Miamisburg OH 45342 

USA 

TEL: 513 428-6900 

FAX: 513 428-6995 

Web: _http:/Avww.pios.com/ 


Worthington 

Pioneer-Standard Electronics 
100 Old Wilson Bridge, Suite 105 
Worthington OH 43085 

USA 

TEL: 614 848-4854 

FAX: 614 848-4889 

Web: _http:/Avww.pios.com/ 


Oklahoma 


Arrow Semiconductor 

12111 East 51 St, Suite 101 

Tulsa OK 74146-6005 

USA 

TEL: 918 252-7537 

FAX: 918 254-0917 

Web: _http:/Avww.arrowsemi.com/ 


Pioneer-Standard Electronics 
9717 E. 42nd Street, Suite 105 
Tulsa OK 74146 

USA 

TEL: 918 665-7480 

FAX: 918 665-1891 

Web: _http:/Avwww.pios.com/ 
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UNITED STATES (continuea) 


Oregon 


Arrow Semiconductor 

9500 SW Nimbus Avenue, Building E 
Beaverton OR 97008-7163 

USA 

TEL: 503 629-8090 

FAX: 503 645-0611 

Web: _http:/Awww.arrowsemi.com/ 


Bell Industries 

8705 S.W. Nimbus, Suite 100 
Beaverton OR 97008 

USA 

TEL: 503 644-3444 

FAX: 503 520-1948 

Web: http://www. bellind.com/ 


Future Electronics 

7204 SW Durham Road, Suite 900 
Portland OR 97224 

USA 

TEL: 503-603-0956 

FAX: 503-645-1559 

Web: http://www. future.ca/ 


Pioneer-Standard Electronics 
5665 S.W. Meadows Rad. 
Lake Oswego OR 97035 
USA 

TEL: 503 968-6565 

FAX: 503 598-2555 

Web: _http://www.pios.com/ 


Pennsylvania 


Philadelphia Area 
Pioneer-Standard Electronics 
500 Enterprise Road 

Keith Valley Business Center 
Horsham PA 19044 

USA 

TEL: 215674-4000 

FAX: 215674-3107 

Web: _http:/Awww.pios.com/ 


Pittsburgh 

Arrow Semiconductor 

3245 Old Frankstwon Road 
Pittsburgh PA 15239-2909 

USA 

TEL: 412 327-1130 

FAX: 412 327-4181 

Web: _http:/Awww.arrowsemi.com/ 


Future Electronics 

103 Bradford Road, Suite 100 
Wexford PA 15090 

USA 

TEL: 412 935-1113 

FAX: 412 935-1188 

Web: _ http://www. future.ca/ 
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Pioneer-Standard Electronics 
259 Kappa Drive 

Pittsburgh PA 15238 

USA 

TEL: 412 782-2300 

FAX: 412 963-8255 

Web: _http:/Avww.pios.com 


Texas 


Austin 

Arrow Semiconductor 

Braker Center lil, Building M1 
Austin TX 78758-4079 

USA 

TEL: 512 835-4180 

FAX: 512 832-9875 

Web: _http:/Avww.arrowsemi.com/ 


Bell Industries 

11824 Jollyville Road, Suite 103 
Austin TX 78759 

USA 

TEL: 512 331-9961 

FAX: 512 331-1070 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

6850 Austin Center Bivd., Suite 320 
Austin TX 78731 

USA 

TEL: 512 502-0991 

FAX: 512 502-0740 

Web: _http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
1826-D Kramer Lane, Suite D 
Austin TX 78758 

USA 

TEL: 512 835-4000 

FAX: 512 835-9829 

Web: _http:/Avww.pios.com/ 


Dallas 

Arrow Semiconductor 

3220 Commander Drive 

Carroliton TX 75006-2585 

USA 

TEL: 972 380-6464 

FAX: 972 248-7208 

Web: _http:/Avww.arrowsemi.com/ 


Bell Industries 

14110 Dallas Parkway 

Dallas TX 75081 

USA 

TEL: 972 458-0047 

FAX: 972 404-0267 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

800 E. Campbell Road, Suite 130 
Richardson TX 75081 

USA 

TEL: 972 437-2437 

FAX: 972 669-2347 

Web: _http:/Avww.future.ca/ 


Pioneer-Standard Electronics 
13765 Beta Road 

Dallas TX 75244 

USA 

TEL: 972 386-7300 

FAX: 972 490-6419 

Web: _http:/Awww.pios.com/ 


Houston 

Arrow Semiconductor 

Westgate Center, Building B 
19416 Park Rowe 

Houston TX 77084-4860 

USA 

TEL: 713647-6868 

FAX: 713 492-8722 

Web: _http:/Awww.arrowsemi.com/ 


Bell Industries 

12000 Richmond Avenue, Suite 310 
Houston TX 77082 

USA 

TEL: 713870-8101 

FAX: 713 870-8122 

Web: _hitp://www.bellind.com/ 


Future Electronics 

10333 Richmond Avenue, Suite 970 
Houston TX 77042 

USA 

TEL: 713 785-1155 

FAX: 713 785-4558 

Web: _ http://www. future.ca/ 


Pioneer-Standard Electronics 
10530 Rockley Road, Suite 100 
Houston TX 77099 

USA 

TEL: 713495-4700 

FAX: 713 495-5642 

Web: _http://www.pios.com/ 


Utah 


Arrow Semiconductor 

2440 South 1070 West, Suite A 
Salt Lake City UT 84119-1554 
USA 

TEL: 801 973-8555 

FAX: 801 973-8909 

Web: _http:/Awww.arrowsemi.com/ 


Bell Industries 

310 East 4500 S, Suite 110 
Murray UT 84107 

USA 

TEL: 801 261-2999 

FAX: 801 261-0880 

Web: _ http://www. bellind.com/ 


Future Electronics 

3540 S. Highland Drive, #301 
Salt Lake City UT 84106 
USA 

TEL: 801 467-4448 

FAX: 801 467-3604 

Web: _hittp:/Avww.future.ca/ 
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UNITED STATES (Continued) 


Washington 


Arrow Semiconductor 

3310 146th Place SE 

Bidg B, Suite A 

USA 

TEL: 206 643-9992 

FAX: 206 643-9709 

Web: _http:/Avww.arrowsemi.com/ 


Bell Industries 

19119 Borth Creek Pkwy, Suite 102 
Bothell WA 98011 

USA 

TEL: 206 486-2124 

FAX: 206 487-1927 

Web: _http:/Avww.bellind.com/ 


Future Electronics 

19102 N. Creek Parkway, Suite 118 
Bothell WA 98011 

USA 

TEL: 206 489-3400 

FAX: 206 489-3411 

Web: _ http://www. future.ca/ 


Pioneer-Standard Electronics 

2800 156th Avenue S.E., Suite 100 
Bellevue WA 98007 

USA 

TEL: 206 644-7500 

FAX: 206 644-7300 

Web: _http:/Awww.pios.com/ 


Wisconsin 

Bell Industries 

W. 226 N. 900 Eastmound 
Waukesha WI 53186 

Tel: 414 547-8879 
Fax: 414 547-6547 


Future Electronics 

250 North Patrick Bivd., Suite 170 
Brookfield WI 53045 

Tel: 414 879-0244 

Fax: 414 879-0250 


Pioneer-Standard Electronics 
120 Bishop's Way, Suite 163 
Brookfield WI 53005 

Tel: 414 784-3480 

Fax: 414 784-8207 
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NMicROCHIP 

Factory Sales 
AMERICAS ASIA/PACIFIC EUROPE 
Corporate Office Hong Kong United Kingdom 


Microchip Technoiogy inc. 

2355 West Chandler Blvd. 

Chandler, AZ 85224-6199 

Tel: 602-786-7200 Fax: 602-786-7277 
Technical Support: 602 786-7627 
Web: http://www. microchip.com 


Atlanta 

Microchip Technology Inc. 

500 Sugar Mill Road, Suite 200B 
Atlanta, GA 30350 

Tel: 770-640-0034 Fax: 770-640-0307 


Boston 

Microchip Technology Inc. 

5 Mount Royal Avenue 

Marlborough, MA 01752 

Tel: 508-480-9990 Fax: 508-480-8575 


Chicago 
Microchip Technology Inc. 
333 Pierce Road, Suite 180 


Itasca, IL 60143 
Tel: 630-285-0071 Fax: 630-285-0075 


Dallas 

Microchip Technology Inc. 

14651 Dallas Parkway, Suite 816 
Dallas, TX 75240-8809 

Tel: 972-991-7177 Fax: 972-991-8588 


Dayton 

Microchip Technology inc. 

Two Prestige Place, Suite 150 
Miamisburg, OH 45342 

Tel: 937-291-1654 Fax: 937-291-9175 


Los Angeles 

Microchip Technology Inc. 

18201 Von Karman, Suite 1090 

Irvine, CA 92612 

Tel: 714-263-1888 Fax: 714-263-1338 


New York 

Microchip Technology Inc. 

150 Motor Parkway, Suite 202 
Hauppauge, NY 11788 

Tel: 516-273-5305 Fax: 516-273-5335 


San Jose 

Microchip Technology Inc. 

2107 North First Street, Suite 590 

San Jose, CA 95131 

Tel: 408-436-7950 Fax: 408-436-7955 
Toronto 


Microchip Technology Inc. 
5925 Airport Road, Suite 200 


Mississauga, Ontario L4V 1W1, Canada 


Tel: 905-405-6279 Fax: 905-405-6253 


Microchip Asia Pacific 

RM 3801B, Tower Two 

Metroplaza 

223 Hing Fong Road 

Kwai Fong, N.T., Hong Kong 

Tel: 852-2-401-1200 Fax: 852-2-401-3431 


India 

Microchip Technology Inc. 

India Liaison Office 

No. 6, Legacy, Convent Road 

Bangalore 560 025, India 

Tel: 91-80-229-0061 Fax: 91-80-229-0062 


Japan 

Microchip Technology Intl. Inc. 

Benex S-1 6F 

3-18-20, Shinyokohama 

Kohoku-Ku, Yokohama-shi 

Kanagawa 222-0033 Japan 

Tel: 81-45-471- 6166 Fax: 81-45-471-6122 


Korea 

Microchip Technology Korea 

168-1, Youngbo Bldg. 3 Floor 
Samsung-Dong, Kangnam-Ku 

Seoul, Korea 

Tel: 82-2-554-7200 Fax: 82-2-558-5934 
Shanghai 

Microchip Technology 

RM 406 Shanghai Golden Bridge Bldg. 
2077 Yan’an Road West, Hong Qiao District 
Shanghai, PRC 200335 

Tel: 86-21-6275-5700 

Fax: 86 21-6275-5060 

Singapore 

Microchip Technology Singapore Pte Ltd. 
200 Middle Road 

#07-02 Prime Centre 

Singapore 188980 

Tel: 65-334-8870 Fax: 65-334-8850 


Taiwan, R.0O.C 

Microchip Technology Taiwan 

10F-1C 207 

Tung Hua North Road 

Taipei, Taiwan, ROC 

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139 


Arizona Microchip Technology Ltd. 

505 Eskdale Road 

Winnersh Triangle 

Wokingham 

Berkshire, England RG41 5TU 

Tel: 44-1189-21-5858 Fax: 44-1189-21-5835 


France 

Arizona Microchip Technology SARL 

Zone Industrielle de la Bonde 

2 Rue du Buisson aux Fraises 

91300 Massy, France 

Tel: 33-1-69-53-63-20 Fax: 33-1-69-30-90-79 


Germany 

Arizona Microchip Technology GmbH 
Gustav-Heinemann-Ring 125 

D-81739 Michen, Germany 

Tel: 49-89-627-144 0 Fax: 49-89-627-144-44 


Italy 

Arizona Microchip Technology SRL 
Centro Direzionale Colleoni 

Palazzo Taurus 1 V. Le Colleoni 1 

20041 Agrate Brianza 

Milan, Italy 

Tel: 39-39-6899939 Fax: 39-39-6899883 


4/3/98 


© 1998 Microchip Technology Inc. 


DSO0056Q-page 12-21 


> 

a = 
oa 
= — 
8 
a 
™ oO 
ZW 
aa 
non 











DS00056Q-page 12-22 © 1998 Microchip Technology inc. 





© 1998 Microchip Technology Inc. DS00056Q-page 12-23 


> 
2. 
mes 
am,’ 
© 
OD 
W 
E 
o 
oe 
S 
(coe 
“ 


= 
‘e) 
sae 
. 
= 
2. 
4) 
WY) 
=. 
O . 
4) 








DS00056Q-page 12-24 © 1998 Microchip Technology Inc. 





© 1998 Microchip Technology Inc. DS00056Q-page 12-25 


Printed in the USA, 4/98 


MicROCHIP © 1998, Microchip Technology Inc. 
Microchip Technology Inc. e 2355 W. Chandler Bivd. e Chandler, Arizona USA e 602-786-7200 « FAX: 602-899-9210 





DS00056Q-page 12-26 © 1998 Microchip Technology Inc. 





f 4 Ny cw] \ 4 ‘ @ 
\ nh) 
g ENS: Jy Sai 
" Toy 2 
. “sd i 
me Dol Cid 4 bee 
bapa wo 6 
- 4 | 
2 Ss 
~ ab Gg 7 
c. = 
wl * 


Microchip Worldwide Sales and Distribution 
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Microchip Technology Inc. « 2355 West Chandler Blvd. * Chandler, Arizona 85224-6199 
Tel: 602.786.7200 « Fax: 602.899.9210 « See us on the Web: www.microchip.com 
Technical Support Hotline: 1.800.437.2767 U.S. & Canada; 602.786.7627 Worldwide 


The Microchip name, logo and The Embedded Control Solutions Company are 
registered trademarks of Microchip Technology Inc. in the U.S.A. and other countries. 
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